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PREFACE 

jVIuch of the subject material which is gathered here'^ffll^lhS 
Beaumont Lecture of 1946 has been presented elsewhere, or has 
been recorded in preMOUs medical ^^^Itlngs It is theiefore neces 
sarj to reproduce illustrations from various journals, and this 
opportunity is taken for expression of thanlvs to the folloiving 
periodicals for the use here of certain charts drawings, and photo 
graphs I am indebted to The Journal of the American Medical 
Association for Figure 6 from “Experiences ^^'lth Surgical Treat- 
ment in Ten Cases of Patent Ductus Arteriosus," 115 1257, 1940, 
The Journal of Pediatrics for Figure 10 from “Surgical Closure 
of the Patent Ductus Arteriosus,” 17 716, 1940, The New England 
Journal of Medicine for Figures 27, 28, and 29 fiom “Coarcta 
tion of the Aorta, Experimental Studies Regarding Its Surgical 
Correction,” 233 287, 1945, and Surgery, for Figure 30 from 
“Surgical Correction for Coarctation of the Aorta,” 18 673, 1945 
Robert E Gross, MD 
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SLRGICAL TREA.TirENT 
FOR iBNORilALITIES OF THE 
HF\R1 \ND GRE\T VESSELS 



SURGICAL TREATMENT FOR \BNORMALITIES 
OF THE HEART AND GREAT \T:SSELS 

IXTBODUCTION 

It IS A PLEASCEE to come before the "WaMio County Jledical 
Society* to deliver tlie amnial lecture of the Beaumont Foundation 
I am full} cognizant of the honor whieh }ou have bestowed upon 
me, and I w ould like to express mv appreciation to the Foundation 
Committee and to the medical socictv as a whole The list of pre- 
vious holders of this lectureship includes ph}sicians and scientists 
of the highest qiialitv, and it is with great humbleness that I find 
myself grouped with them The subjects whicii have been presented 
to }ou in former v cars include a wide vanetv of topics in tlie basic 
sciences and in the clinical branches of medicine It is with some 
hesitation that I herewith call to vonr attention a rather small 
group of patients who have congenital malformations of the heart, 
the aortic arch, and the great vessels in the superior mediastinum 
Until a few 5 ears ago there was no definitive treatment for such 
individuals, but now tlierapeutic proceduies are available for cor 
rceting some of these abnormalities. This field of surgical endeavor 
IS in its inf an c} and would appear to be limited, but jt is rapidlj 
growing and has excited rather widespread interest Hence I feel 
justified m summarizing our recent I v acquired e\periencos because 
tliej not only 1 elate what has been accomplished in the past but 
possibly the> will stimulate others to devnse methods for treating 
additional tv pcs of malfomatioiis of the cardio-v asculai svstem 
The field of medicine and surgerv is becoming so complex that 
it IS rare for therapeutic advances to come from the labors of one 
mm It becomes incrcasinglv apimrent that w e must depend upon 
the suggestions, the help the criticism and the manv other con 
tnlnitions which are made b} onr confreres The work which is 
here summarized is no exception to this generalitv Through the 
jears I have leaned heavih upon the guidance and support of nir 
superiors and peers Mv interest in this field was developed hj 
the constant prodding of Dr John Hubbard, who understood mmv' 
of the problems of congenital heart disease and who was anxious 

•The 2 otk Besnmont Leotare ef the Wsrae Coonh (Mich) Xjedieil 
Society 
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to find a waj for their surgical coirection ^^y deepest thanks are 
offered to the various chiefs who ha%c gnen me a free rein in the 
conduction of laboratory experiments and in the treatment of 
human patients I am deeplj indebted to Dr S Burt Wolbach 
the Shattnek professor of pathology to Dr Elliott B Cutler the 
Aloseley professor of surgery to the late Dr Kenneth B Blackfan 
the Botch professor of pediatrics and to Dr William E Ladd the 
foimer Ladd professor of children s surgerj — all of the Harvard 
Wedical School The roentgenologic studies on our patients were 
begun bj Dr George Wj att and were continued by Professor Jlcr 
nllC Sosmin and moie recently by Dr Edward B D Neuhauser 
This surgical progress has had a broad foundation of experimental 
woik m the Laboratorj for Surgical Beseareh at the Harvard 
Ulcdical School and I owe a great debt to Dr Elliott C Cutler for 
the gcneious use of his laboratorj facilities and for the encourage- 
ment which he has gnen from time to time Individuals with 
cardio-\ascular anomalies often present variations in function and 
ncli contributions have come from Dr C Sidney Bunvell and Dr 
Eugene C Eppmgei as a result of their studies on these disturbed 
phjsiologicil mechanisms Finallj and of extreme importance has 
been the constant lojalty and enthusiasm of larioiia members of 
tlie house stsff of the Children s Hospital and the Peter Bent 
Brigham Hospital who ha\e devoted a great deal of time and 
enerpj to the care of patients before and after ojeration and have 
thus made passible the results which are here recorded 

The field of cardio vascular defects includes a wide vanetj of 
malformations There are the common and well known deformities 
hut III addition there ate many bizarre and rare types which have 
excited little more than academic mteiest It is obvious that a large 
number of malformations are beyond the possibilitj of surgical 
relief hut this pessimistic angle should not alter the brighter side 
of the picture regarding those vihieh can now be treated with a 
considerable degree of success It is on this latter group that I 
would like to focus jour attention and to consider briefly what we 
have learned about each of these problems Of foremast interest 
to me has been the work on the patent ductus arteriosus and Us 
surgical cure hence this will be considered m greatest detail Ab 
normalities of the cardne envelope rarelj give rise to difficulties 
jet I would lile to present an individual with symptoms from a 
pericardial defect which were relieved bv surgical means Within 
the last >eaT there has come to light the excecdingh promising 



or THE HEAKT AM) GREAT \ESSELS 


work of Blalock and Taussig irhieh brings relief to those who suf 
fer from a tetralogj of Fallot It has long been lcno^7n that anoma 
Ions arteries in the superior mediastinum can press upon the trachea 
or esophagus and interfere with their function, but now methods 
liaie become available for correcting some of the malformations 
Finally, obstruction in the mam aortic pathway, so called coaicta 
tion of the aorta, appears to be amenable to surgical relief in some 
instances, and I would lihe to summarize our studies on this con- 
dition and Its therapj 



PATENT DUCTUS ARTERIOSUS 

In fetal life the atelectatic state ot the litiigs and the coiise juent 
small size of the pnlmonarj vascular bed make it iiecessaij for 
nature to provide some method ivherebj a large part of tl e blood 
can be kept circulating mthoiit passing through the lungs Tlus 
function IS fulfilled b} the ductus artenosus which permits blood 
to escape dircctlj from the pulmonaij arterj into the aorta \fter 
the child IS born the lungs expand and blood should travel through 
the pulmonnr> bed for oxjgenation the short circuiting action of 
the ductus arteriosus is no longer necessar) Under normal con 
ditions this vessel becomes closed off soon after birth but m some 
individuals this obliteration is delajed for weeks months or even 
longer Christie* studied subjects from loutine autopsies and found 
that the ductus was obliterated in 9> per cent of them by the end 
of the twelfth week m 99 per cent hj the end of the first yeai 

The mechanism of normal closure of the ductus is not fully 
understood but certain factors are believed to play a role in its 
obliteration Some smooth muscle fibres have been deseribed m the 
wall of the vessel which lend support to the theorj that a reflex 
mechanism presumably working through a pathwaj m the vagus 
nerve has something to do with diminution in the size of the vessel 
— ev cn though this might not account for its full closure Evidence 
for such a mechanism of closure was obtained hj the fascinating 
observations of Barclaj Barcroft Barron and Franklin * It is 
possible that the chemical constituents of the blood also influence 
contraction of the ductus wall as was demonstrated by the expcri 
ments of Kennedy and Clark A third mechanism in ductus 
closure ls dependent upon the change which normallj occurs in 
spacial relationships of various mediastinal structures after a child 
IS born Wlicu the lungs expand the pulmonarj arterj assumes a 
different position with respect to the aortic arch and it vs obvious 
that such a shift will angulate the ductus which lies between them 
"W hile all of these factors probahlj plaj a role in diminishing the 
size of the ductus the ultimate obliteration of the vessel depends 
upon degenerative changes within its wall the histologic sequences 
of w Inch have been f requentlj commented upon 

It IS important to note that the normal closure of the ductus 
l<51 
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aitcnosvis is not accompanied bj thrombosis o£ this channel In- 
deed the aiipearance of a clot 
nithin the lumen of a ductus 
or the formation of a thrombus 
on either end of a closed 
duttus must be regarded as a 
pathologic piocess The dang'^rs 
of such a thiombosis are at 
once obi ions, since these clots 
may become a focus fi om ii hi eh 
emboli aie thronn off into 
either the pulmonarj circuit 
or into most parts of the pen 
phei al arterial circulation 
Such embolic phenomena mai 
he obsened m later life but 
in most instances thes occiu 
nithiii the first month of life 
Under such circumstances the 
closed 01 thrombosed ductus 
will not piodnce a murmur 
There maj be esndence of m 
farets in the lungs but more commonij aiteinl embolrsm produces 
ischemia or infarction in the brain %arious abdominal Mseera, the 
kidness and partienlarlv in the legs Clinical and pathological 
observations from such patients have been previouslv commented 
upon 

lATien tlie ductus arteriosus docs not close and remains open 
bejond the first jeai or two of life, the individual is left with a 
shunt vviuch is essentially an arteno venous fistula After birth, 
the direction of blood flow in the ductus becomes reversed because 
the tiressuic v\ithm the aortic aich is no^ higher than that in the 
pulmonarj artery, hence, blood now passes from tlie aortic arch 
into the pulmonarj circuit Such a communication mij be tolerated 
extieraeh well if the individual is fortunate enough to escape any 
superimposed mfection, and if the ductal shunt is a relatively small 
one Under such circumstances, individuals have been found to 
have little or no incapacitation and have lived to advanced jears 
Howeter, such a fortunate outcome is not in store for most indi 
viduals who possess a patent ductus arteriosus There are certain 
hazards which are well recognized and which occur rather fre 



Fig 1 SXelch of ei'cal »e‘»8d3 jikJj 
eating position of a patent ductus 
arteriosus between the aortic arcli and 
pulmonary artery The left recurrent 
larjTigeal none, eoursea around 
the aortic arch literal and posterior 
to the ductus 
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quently (1) The shunt may duert so much blood from the aorta 
tlmt the peripheral circulation is deficient and the individual has 
a retarded physical development A\’hile such subjects may be be 
low par m weight and height as a rule thej have normal mental 
development and capacities (2) The heart may increase its output 
in an attempt to maintain the peripheral circulation at a satis 
factorj level but m doing so an extraordinarily large amount of 
blood IS shunted through the ductus Under such circumstances 
the indmdua] maj be relativelj well developed and indeed be 
entirely normal m appearance and j et there js ev idence of cardiac 
embarrassment or failure (3) There may be superimposed upon 
this abnormahtj a bacterial mfection usually with streptococcus 
vindans organisms The frequency with which bacterial infection 
occurs IS difficult to estimate with any accuracy It is reasonable 
to believe that it is found in about twenty five per cent of indi 
viduals who live weU into adult years (4) There are more rare 
complications sucIl as aneurysmal dilatation and rupture The first 
of the above named complications appears m childhood, whereas the 
others arc more apt to he problems of adult life particularlj m 
the third and fomtli decades 

To date the best studies on the prognosis for individuals with 
an untreated patent ductus arteriosus have been made by Keyes 
and Shapiro* Thej point out that patients who are alive at 
seventeen years of age with an open ductus have a life expectancy 
which averages about half that of the population ns a whole It 
JS apparent that the patent ductus arteriosus often seems to be a 
bemgn abnormality w hen \ lewed m early life but long term follow 
ups show that the outlook is serious both from the possibility of 
ultimate incapacitation and from the shortening of life which are 
apt to be brought about by the malformation It is this general 
picture which has given an impetus for the search for surgical 
methods of closure of the vessel in the hope of relieving complica 
tions which have already appeared and also in avoiding otheis 
which have not yet occurred 

Diagnosis 

If one consults older textbooks of medicine many statements 
which we now feel to be erroneous are found regarding the syrap 
tomatology and the recognition of a patent ductus arteriosus Since 
nothing in a therapeutic way was available at those times it was 
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fhe general custom of phjsJcjans to be satisfieJ Mjth classifying 
the malfoimation as “congenital cardiac disease” Now that the 
cardio \asciilar abnormahtj can be treated bj surgical means, 
greater attention should be paid to the snnptornafologj and ph3s 
leal findings m indiMdnals with the lesion Fortunately, it is pos 
sible to recognize the condition with a high degree of accuracy 
In recent yeais attention has been focused by Gregg** and 
others on the mcidcnce ot rubella in a mother, during the fii-st 
trimester ot pregnancy , and the association of congenital abnornnh 
ties m the fetus icsnltmg from such a gestation In two instances 
I haye knowui of such infection m the mothers with appearance of 
a patent ductus arteiiosns and congenital cataract in the children 
These lepresent only about one per cent of indiyiduals yybich liayc 
been personally observed with an open ductus While some caidiae 
detects may be icasonably explained on the basis of an arresting 
disease yyhieh oecuried early m fetal life, it is fair to assume that 
1 persistence of the ductus arteiiosiis yvill not be found to have 
any such etiological basis Indeed, a jiatcnt ductus arteiiosus docs 
not represent a fetal abnormality of any soil , instead, it is a failuic 
of normal closuie after the child has been born 

Patients yMth a patent ductus arteriosus may have little or no 
c\ idenec of caidiae embarrassment or they may hay e marked cardiac 
inyalidism, depending upon the age of the mdiyidual and the si/e 
ot the leak which exists In general, the ahnoimality is well tol 
elated in childhood years and frank decompensation is rare m that 
period A ymungstcr can have boundless energy, indulge in stremi 
ons exercise, and may appear to be entirely normal to its parents 
Alorc fretiuently, there is slight to modciate limitation of physical 
activity, and it is evident that excessive exercise is pooily tolerated 
or IS followed by dvspnea, palpitation, or undue fatigue Patients 
in mid life often have moderate embarrassment , less commonlv they 
may have actinl failure Often the adult is conscious of the fact 
that he, or she, cannot maintain former levels of wotk, that fatigue 
is excessive or that long periods of rest must he taken in order to 
cany on with a icasonably active life I am becoming incicasmgly 
impressed vnth individuals who present themselves m the thirties 
01 forties, who have no frank svmjitoms or signs of cardiac fail- 
ure but v\ho have lost their pop and who drag on thcir dailv 
existence with no exuberance While such people arc not bod 
ridden, nor are thev invalids in the common sense of the term, 
they are nevertheless incapacitated and arc limited in their ef« 
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liciency and usefulness because the heart is overburd ned bj an 
(wessnc load which an open ductus places upon it 

The general physical development of the individual mav It 
somewhat ictarded a finding in an appreciable number of cas s 
Wlien compared to normal children the height and particulaih 
the weight arc apt to be less than the average normal and m some 
instances these findings are striking In man) cases the ph)S}cal 
growth has not been impaiicd and indeed it appears to be umis 
unlly good 

When streptococcus viridans infections have become superim 
posed upon an open ductus certain { oints are m evidence It is 
rare for such infection to be found in childliood though we have 
seen it in a girl of four years The highest incidence of endocarditis 
or pulmonary endarteritis is found m the thud or fourth decades 
riic complaints include fever excessive sweating weight loss 
anoicxia Iiemoptvsis or chest pain (from pnlnionaiy infarction) 
or changes in vai ions parts of the bodv suggesting arterial embolism 
(from vegetations which develop on the mitral and aortic valve in 
the later stages of the dLsease) Petocliiae or ccchvmoses of the 
mucous membranes or skin should cert a inly suggest the correct 
diagnosis Blood cultures prove tl c presence of this complication 
and probably give some evadcncc regarding its seventy 

The phy'sical findings in an uncomplicated ease of patent ductus 
arteriosus include certain features As.sociatcd defects in otl er 
parts of the body are rare The coloi of the si in and mucous mem 
brines is normal m most instances but some palloi is present in 
others Cyanosis is never found unless the individual las frank 
cardiac failure Tlicrc is no clubbing of the nails The heart may 
be of normal or slightlv mei eased size great enlargements arc 
quite rare Tl e activity of the heart may be within normal limits 
but if the ductus ls large the cardiac impulse has an increased 
forccfulncss and a heaving pulsation is transmitted up into tl c 
neck vessels On auscultation a very characteristic murmur is heard 
in the pulmonic icgion that is the second and third interspaces 
In the left of the sternum It is continuous accentuated diinn^ 
svstole and dies off during diastole It usuallj has a very lumbling 
quality which distinguishes it from other cardiac murmurs It 
has been described os a machinery murmur and tl e clinician 
who lias listinod to several of these patients should certainly Ic 
ihle to identify the murmur thereafter The murmur may bo 
widely transmitted over the pretordiiim into the left axilla up 
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into the neck or o\cr the hiel — particularh to the left of the 
ipine TThilc all of the miiriniu maj be transmitted it is more 
common to ha'ie onlj the louder systolic clement cairied to the 
cardiac apex the neck a essels or to the hack In geneial a ductus 
murmur is one of considerable intensity and is accompanied b> 
a thrill in about half of the cases This thrill ma\ he continuous 
or It may be limited to systole It is most intense o\ct the pulmonic 
region and is usuallj not transmitted far bevond this area On 
theoretical grounds it is possible for some patients who ha\e a tim 
diictns to haie a murmur which is limited to sj stole ^et fiom a 
practical point of v^e^^ a murmiii that is limited to sj stole almost 
alwajs represents some other cardiac sbnormalit\ 

The blood piessure nsnallj shows a s>stohc lei cl iihieh is cs 
sentiaUy normal for the age of the indiiidual In ti\o adults wt 
found some degree of hypertension a fact iiliich was thought to he 
related to other pathologic processes and not to the ductus itsell 
The diastolic leiel will he normal or suppressed depending upon 
the size of the ductus Smaller hstulae do not gne ani important 
change in the diastolic pressure but if the leak tlirongh the ductus 
IS great the diastolic level ^^ll be stnkinglj diminished to 50 or 40 
millimeters of mercury "Wlicn the pulse pressure is high there 
may be a Durosicr s sign or a Msiblc capillarj pulsation in the 
nail beds 

Laboratoia data are alwais within normal limits These pi 
tieuts do not develop a polycj themia 

Elcctrocardtographie tracings are helpful paiticularlj from tlit 
negatne c\idence which thej generallj gi\c Fibrillation or other 
indicitions of maocardial damage ma> be found in older subjects 
when the strain on the heart has been cxcessne In most cases elec 
trocardiograms arc noianal and there is no axis de\aation In a few 
tracings we have seen some left axis shift particiilarlj in oldci 
iiidividuals who exhibited definite cardiac embarrassment In in 
instance ha\e we found a right axis deviation This is a loint c f 
extreme importance since the detection of a right piepoiuferdiicc 
should make one suspect the presence of some other lesion lar 
fieularh a pulmonic stenosis A prolonged PR internal would sug 
gest that the aunculo ^entrlcula^ conduction apparatus is longer 
than normal and maj be stretched out around an mtcr\entncular 
septal defect 

Roentgenologic studies mai help m the recognition of a patent 
ductus iifcnosus but the% ire also an aid in ruling out other 



12 


suroil \L inr \TMt \T i or arnorm \lities 



Ilf II 


fla fi 


‘ 1 ' 




II 


Iljr : 


I fiftrt 


o1 patent lu t 

a ■» ilo le rt IS 'ligHIr e large 1 
tUe puluonarj arterj (i leatel Iv 
nrrotts) s a little more j ran lenttl t 

1 wrm il an 1 tl ere is si gl t fullness i 
some ressfja of tl e lun^ fie Is 

cardnc altiiormnlities oi rheii 
Tnttjc valwthr tlise'iso In pen 
ml ulicn tlu ductus is small 
the roentpcnolopjcal picture mar 
liL normsi or shon little ehanpe 
therefrom Coiitcrselr nhen 
the ductus IS of model ate or 
laipc Mre there are certain find 
iii„s which an. obvious m the film 
or fluoioscopie studies (Tipuics 

2 3 and 4 ) Theheait issliphtli 
01 modt latch cniaiptd jnrtie 
iilarl} in its transverse dimen 
sions "Mail ed enlargements are 
tell whether one or both icntncles nc h^i trtiophicd not mfre 
HHcntlj IS it impossible to show tlist the left chamber is i redomi 
nant Since blood is floinnp in increased loliime into the pul 
monan arterj this icsscl (frequenth inconetth eilkd the 
pulmonan conus) is fuller than normal and projects outinrd fiom 
the upper left border of the cardne shadow Jjihcwisc tlic lesseh 
within the Iniips pnrticnUilj aronml the hih irt npt to 1 as c an 
increased fullness and prominence In some instances tie hihr 
vessels maybe found to have a hilar dance which is not a tnns 
mitted impulse but which is an intrinsic increased amplitude of 
pulsation of these arterial branches This is quite difiicult to ob 


Boentgen gr jl of a 
■voiroll g rl lilt! seier far I c I !> 
ab lily f ro n a large pttent luctua 
nrterioso'! Tl e 1 enrt s mo Icratelv on 
lirgel there is no Icfin te fullness of 
tie pull mrv arferv I ut tl ere is 
Fone lase lar o gestion i lie Jungi 
a.otc tie )un„ narrow ehest anl lie 
estren e tl nness of tl e soft ti’^mes 
out I le of tl e ll on g 


' "W hde it m iv be difficult to 
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sei\t and too nineli rohaiice should not be td iced upon tlit presenet 
oi absence of thjs point Left mteiior oblnpic ind httral \icns 
put e\idence of left mnculu cnlaif;cmi.nt in about one half of 
the eases This dilatation is host seen by m cncioaehnicnt on the 
banum filled esopli igus Lnlar cement of tlie left auricle conimonle 
se n in patients uith niti il stenosis of rlieunntic origin can also 
appcjr from an uncomplic ittd pitcnt ductus aiteriosus This js 
dep ndent upon the incieised blood flou tiiroii"h the left side of 
the heal t Plnoroscopie obs''i\utions or Hnnogiaphic tracings s^n 
trails shoi\ a heart uitli an inci eased amplitude of pulsation pai 
tunlitlr 01 ei the region of the left \cntncle but lilcuise m the 
oitic knob and in the jnilmonan arteiv 



Pig 4 Rij,l I anterior ol I que fiJn from a patient \ tli a patent ductus arttr 
sus in I ating tl e posterior cutar»,en en of tl e left aori le («h nn I \ nrro is) 
This IS a frequent hnli g m tle^e latients 


V patent ductus arteriosus is not difBeult to detect it can be 
lecogmred m o\ci nmetj fi\e per cent of the cases with gieat 
ficihtN ^\hlle clectrocardiograplue studies and roentgenologic 
observations are impoit mt, it is well to emphasire that in the vast 
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niajoiit\ of cases a fc^v minutes of intelligent dusciiltation \nt]i the 
stethoscope IS the prime factor in the recognition of this condition 
Purthcrmoie if a characteristic murmur does not exist in a given 
patient too much stress should not bo laid on lahoiatorj or ro 



cn ij j A" , 


r g 5 Druuinj, of tie bcirt a d fcreat Mssels in a view from which thei 
nould be seen bj tie surgeon opernting fbroug) a left antero lateral tl orae e 
npproacl 

( iitgciiologioil findings which suggest tlic presence of a ductus 
Ikciusc operation wnder such circura&tanct s will almost eertamlv 
lead to the finding of some other congenital eardio vasciihr defect 

Sflection of Cases for Oper vtion 
As work has progtessed with the surgical therapy for the patent 
duetns arteriosus ideas have changed regarding the selection of 
[nticnts for operation There is general agreement that certain 
individuals should he operated upon whereas there is still somi 
debate regarding the desirahilitj of operation m others Certainlv 
the child or adolescent who is not developing pioperl^ in phjsical 
stature will derive great benefit from closure of the shunt &imi 
larly, the indivndinl who has some evidence of cardiac embairass 
ment or faiiuie can have his burden grcaflj reduced hj ductal 
closure The patient with subacute bacterial cndarteiitis or en 
docarditis can likewise be helped m the majority of cases bj closure 
of the shunt TVlitthcr or not surgcrj should be emploj ed m prefer 
dice to penicillin tlicrapv for infected cases is now open to tines 
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tion Since ipproximate]} the same percentage of permanent cures 
can be obtamed bj cither method 

Alanj patients are seen in the first part of life a\hen thej are 
relatively free of sjmptoms and tlie problem arises regarding the 
desirability of operating in the hope of a\oiding future compliea 
tioiis It -was m> original contention that operation Mas not jnsti 
fied under such circumstances, but this view has non been altered 
T1 e mortaliti rate for operation on the ductus in children m the 
present scries is exceedinglj loiv and is about one per cent This 
negligible risl is far less than the nsl of letting these individuals 
go untreated Hence I ha^ e adopted the policj of adi ising surgery 
for all mdniduals in the childhood period uho ha^o a patent ductus 
jrtei losus eien though thej are snnptom fret at the moment This 
policj IS adopted mamh for two reasons First an incieasing niim 
bor of mdn iduals are presenting themseh es in mid life with serious 
fatigue impairment of general efficiency or actual failure and a 
It \ lew of the histones indicates that they had no complaints lu 
only life Second there is a tremendous difference m the technicil 
difficulties encounteied lu the childhood period as compared with 
those in adult life Befoie puberty one can piactieallj guarantee 
tl it a permanent and complete closure of the ductus can he cf 
fttted In contrast the adult presents certsm features uhich 
greatly complicate the undertaking and hence tiK the surgeon s 
in„cnuit 5 In adults it is more difficult to get a sitisfactorj ev 
I osiirc and the great lessels are apt to he adherent to one another 
so tliat their separation is fraught with tlie risk of serious hemoi 
rhage The ductus itself and the great \essels are much more rigid 
will not stand as much manipulation and are more subject to sen 
ous injury With increasing years the ductus tends to become 
shorter and there is less room to uorl upon it For these reasons 
I ha\e great enthusiasm for operations on young snbjeets before 
they develop complications and I ha\c considerable hesitancy 
about operation in some of the older patients uhen complications 
ha\e set in 

In summary I do not behcae that these procedures should he 
undertiken in adults unless there are very clear indications for 
the neecsslt^ of operation because the nsk of nonsurgical therapy 
IS iirobably low cr than the risk of surgical attack In contrast the 
results haic been so satisfactory for operations in the childhood 
years that a rather widespread use of this proceduie is justifiable 
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m the hopo of iutuic difficulties This polio shouM be 

ndopted onl\ bj those wio arc able to dcmonstnte a msouiblj 
low moitalits rate in an e\tended stius of easts The widespread 
use of this procoduie In oceisioml operators with a limited 
experience in this field is not justified becnise pcifoimanee of tin 
operation In suth tndnuluals mi^ht inflict Iii^lier moitalits rates 
upon pitionts thin would be the case if thej were left without 
surgical tlicnps 

A word of caution is necessari regai’ding those mdnidiials who 
huso anj cjaiiosis and also the tjpical signs of patent ductus 
niteriosus Under such eirciimstancts the ductus should ntscr bt 
closed since it is almost cert mil v acting as a compensaton mech 
"inism for some other cardiac defect 

An intcncntiicular septal defict or a rheumatic mitral stenosis 
is not a contraindication to operatise closure of the dwetws — since 
the ductus does not conipens ite m am w'as for these other lesions 
Obsionslj operation on such patients will not restore the ben I to 
normal but at least the organ can be improscd and ean be relies «1 
of some of Its stiam 


SunGiciL TfciimQle 

rbc operatise ajiiiroaeh in all eases of the present scries has 
been llnoiigh a left anterolateral incision traseismg the pleural 
casits temponnlj collapsing the lung ind viewing the niedi 
astinum fiom its lateral aspect (Figure 6) If the thoracic wall 
IS properlj opened it gives an admirable exposure The cutaneous 
wound svas originallj made abose the bicast but in nil rediit eases 
it has been made in a ewrs ilmear fashion below the bi i>ast extend 
ing from the edge of the sternum downward and outw ird into tlic 
txilla almost to the posterior axillars Ime This o| ciiing is dc 
seloped down to the pectoral fascia ancl the entire breast is turned 
upwaid and outward This is a particularh important step in a 
woman Ixciuse failure to mobilize the breast oft of the ptctoril 
fascia will greatly limit the subsequent exposure This extensive 
elevation of the breast has in no waj interfered with its blood 
siipplj subsequent appearance ct ceteia The pectoral major and 
minoi muscles aie cut across and are detached from the chtst w ill 
The thorax is entered lu the thud intercastal space The third and 
second costal cartilages are cut so that the ribs can be pushed up 
ward and held in that position bv a self TCtaming retnetor The 
latetal and postciior portions of the third intercostal muscles are. 
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now st?\ercd .ilmost aiouuil to the angle of tlte ribs Tht anterior 
border of the latLssimus doisi muscle is ^e^crcd and tlie anterior 
seiratus muscles are di\ided backuard as far as the long thoracic 
ner\e All of these steps aie necessarj to allow full spreading of 
the wound 



waj beUveen the phrenic anl vagus nerves {2.) The anterior flap of plenrn 11 
JieW forirarJ irjtli one or two sutures Uithm the unilerlving /at and .tteoltr 
ti«iuc the vagus and recurrent larvTigcal nerve are identified iS) Presenting 
portions of the ductus, aorta, and pulmonarv arterv are cleared of fa, inU 
overlving tissues (4) The back wall of the luctus is being Eepnrnied from the 
mediastinal structures bv blunt dissection (o) The ductus ha* been fieed an I 
one heavy braided silk ligature has been placed and tied The second ligature 
IS being brought into place (6) Two ligatures have been u'H’d, leaving several 
nuTlitncters of tissue between them 

Palpation of the mediastinum reseals a conttimom thrill which 
can be felt wideh o\er the great sessels but winch is most intenst 
o\er the ductus and m the piilmonarj arten adjacent to it The 
parietal pleura is now opened parallel to and beinnd the phrenic 
none (Figine 6, continued) One then eomes domi upon fat, 
areolar tissue, and a group of hmph nodes which must be cleaied 



IS 
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iwaj to Mew the imdcrhiii? stnietnres It is well to identify the 
kft \agiis iKivc ns well as the retiiircnt jicr\t winch comes from 
It md comscs around nndcr the aortic arch postenoi to the ductus 
In no iiistinee of the present senes has thcie httn 3113 optratuc 
ingur3 to these Tior%os Sometimes it is ncccssafv todi\ide brandies 



Uig Tcciniiue f rn erl^ eTnplo 3 ed for % rappjng tuctus with telJopIftm 
to produce regfioml sclerosis (1) D icfus las been fre 1 bi d two hnen utn 
] itical tape tua I me 1 ecu plac I Sderosing fiuil was injected in a fen in 
stances (2) fetloplanc brougl t into jliee V «1 et of ccllojlane at out i 
incl nile las 1 ecn foldel on it«pif four times to nake a strij ab ut i quart 
of an inch wide an 1 of f ur fl ickneases (3) Ccllf ohane tiel on du tus (4) Tl 
en 1 of ccllopl ane is lie 1 with a fine silk ligature to mal e sure tl at it will i t 
eonit untied Tl e cuts of 1) e 1 nen tape art 1 kewis t e I or are 1 ell t gether 
with a silver cl p 

of the ^ i,|us neive which tun down to the left luii^ toot in oidei 
to gain adequate loom in this region ^o post operutite deleterious 
effects ba.\e been, obserted from such divisions As the dissection 
is carefullg continued the posterior and anfcrjoi bordcis of the 
vessel can be defined Dccpei dissection can then be started be 
tween the aoita and the adjacent pnlmonarj sitcrj The cxplora 
tion posterior to the ductus is at first somewhat blind and must 
be performed witlt extreme care and with hliint instruments While 
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noriong behind the diietiis it is uell to keep the diJSsection upward 
toward the aortic arch and, hence, ai\aj from the thin availed pul 
monarj arterj wluch is less tongli and less able to withstand 
manipulation and tneclianical injurs As the operator proceeds, 
enough room can be obtained between the aortic arch and the pul 
moiiarj aiterj so that the back of tlio ductus can be viewed and 
a clear space can be seen between the ductus and the underljmg 
left mam bronchus It is of great importance that this dissection 
be adequate and thorough Negligence m the performance of this 
step accounts foi manj of the failures uliieh haie been reported 
following ligation of the ductus If the icsscl is ligated without 
adequatelj freeing it, tlie chances for erosion of the ductus bi 
ligatures are greatly increased Touroff** has stressed the need 
for meticulous clearing of the structures, and wc ore in accord with 
Ins admonitions 

Ihe left lateral wall of the ductus must now be complcteh 
freed of the lappet of pericardium which almost always extends 
up oaer it This can be cut awaj from the ductus and can be pushed 
off of It and off of the adjacent pulmonary arteiy It is well to 
accomplish this step without opening of the pericardium, a mishap 
which allows frothy pericardial fluid to run down and obscure the 
field 

Aletliods of closure of a ductus ha\ e undergouo several stages of 
evolution In the earlier phases, ligation alone was emplo\ed In 
a few of these a single, bea\’y , braided silk tie w as used In most 
instances tw o ligatures w ere applied Linen umbilical tape seemed 
to have only slight adiantagc oier heavy silk ties In twenty eight 
patients the ductus was wrapped with cellophane in the hope tbit 
the sclerosing action which this material produces^* would excite 
regional fibrosis and close off any small opening which might have 
been left (Figure 7) In scveial eases this gave a final closure 
within three or four montlis after operation, but it could not be 
relied npnn to attain this goal uniformly In a total of 130 surgncalh 
treated cases, forty scNen individuals had one of the above de 
scribed ty pcs of ligation Follow up observations indicated that m 
about cightv per cent of the patients a complete obliteration and 
closure of the shunt was ohtamed In about ten per cent of the 
cases the ligature cut tbmigh and some of the fistula was ic 
established In tJie remiiimig ten per cent of the cases, the ligatures 
weie not put on liglitly enough to close the vessel completelj While 
these overall results were rather good, an attempt was made to find 



20 


SUPOICAL TRFATMFNT TOR ABNOIUfAI ITIES 







Tig S Technique f r coniplcte ih-\j«ion of 1J e iluetus arteriosus (Ij T}|n 
of ctimp ajecnll^ prepare 1 for euf sequent application to tlie liuctus T1 is i« 
a Crile hemostat, tic jaws of which liaie Icon groutil to make Item a liltit 
thinner tt an a stock instrument (2) txposure of superior ii ehistiiiutti tlirougt 
a left nnti ro 1 ileriil np{ roach entering the cte«t in the third titnersiaic tin 
tiiiril ami se oi 1 costal cartilages lia\«. licen dm lei Tl e n el astiniim will I 
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fnteie! along the blicK line posterior ti tl e phrenic nerve (3) Anterior fl ij 
of I irietal pleura j« hell formril, exposing the underljing aorta and pul 
nionarv arterj (4) A lappet of perKardium is being identified (5) Lappet 
of perieardium being raised and turnc 1 cau tally bj sharp and blunt dissection 
from the unterlying duetus and regional pulmonary arterv (b) Anterior sur 
f lee of the ductus h is been completely freed Posterior wall IS being bluntly 
dissected from subjacent structures (7) Two clamps placed upon the ductus 
(1) \ thirl clamp has been stiueczcd on the ductus, this rides up on the pnJ 
nioitarv arterv A fourth clamp has been placed on the opposite end of the 
du tu3, ant this rides np onto the aorta The ductus is being seierel between 
the two mid lie clamps (<)) Tlnetns completely severed, leaving two clani} s 
on tilher end of tie vessel (10) Pulmonarv end being sutured, after removal 
of the presenting clamp This leaves a small cuff of tissue which can be sewed 
over and over with a fine silk stitch (11) Details of closure of pulmonary cn I 
Of ductus The cuff of ductus tissue m being whipped over and over with a coii 
tinuous 5 0 Deknatet silk stitch carried on an atraumatic needle Individual 
bites go through the full thickne«a of each side of ductus w ill (12) Pulmonarv 
end has leen close! Attention now turned to aortic si !e from which the pre 
seating clamp has been remove I and a small cuff of ductus provi led This tuff 
wilt be sewel with the «aDie teclmniue as was emplovel for the pulmonary 
aile (13) Hemostatic clamps removed from pulmonarv and aortic sides, show 
jng individual closure of these two vc<®tls 
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some otJier method wliertby the ductus could be completely dujded 
mallciscs With tlicse thoughts in mind the following technique 
(rigtuc 8) w IS adopted and lias now been emplojed in eightj 
three pdtieiit>» w itli complete satisfaction 

Pour Crile hcmostats have been prcpaied bj giinding their 
blades so that thev are about two thirds the thidness of stock m 
stiumenfs After the diietus has been adequately and uidehj freed 
two such clamps are placid upon it This usually takes up all of 
the available room between the aorta and the pulmonary arterj 
Howcvei it is possible to squeeze on a thud clamp which rides up 
somewhat on the pulmouarj acterj Likewise a fourth clamp then 
can be crowded onto the aortic end and tliLs clamp generally rides 
up on tlie adjacent aorta In the first eighteen cases each clamp 
Imd fitted to its handUs a rubber band the tension of winch held 
flic clamp closed Tins was done to avoid undue crushing of the 
ductus but this precaution is now knowm to be nnnece^sar} In all 
recent eases the rubbti bands have been discarded and the clamps 
have been closed using onlj tlic first ratchet there have been no 
untoward effects upon the vessel either at the time of operation or 
subsequent tlicreto A\ith tlic foin clamps in place the ductus is 
divided bj jiassmg a scalpel between the two middle instruments 
Thus two clamps remain on the pulmonarj end and two on the 
aortic end of the ductus Wlien the vessel Ins been cut the two 
ends separate because the pulmonarj aiterv and nortie arch tend 
to fall away from one another 

\ttontion IS now turned to the pulmonarj end of the ductus 
The presenting clamp is removed thus providing a tinj cuff two or 
three millimeters in length The remaining back clamp is steadied 
and supported by the first assistant The ductal cuff is sewed over 
and over with an interlocking continuous 5 0 Deknatel silk sUtch 
earned on a tinj curved atraumatic needle Fifteen to twentj 
lutes are tiken each one of which traverses the entire thickness ot 
both edges of the ductus wall In this waj tlic entire end is com 
jiletelj closed 

The aortic end of the ductus is now treated in a similar wav 
The upper most clamp is taken off and the cuff thus made is sewed 
over and over with a continuous interlocking fine silk stitch clov 
ing the ends in a verj effective manner 

In the first eighteen patients treated bj this technique the ic 
mauling hemostatic clamps were taken off and a sceond row of ad 
vcntifnl sutures were placed to re enforce the initial line of closure 
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This ^V’lS done on the pulmonarv arterj as i\cll as the noit i ^[ore 
icecntlT this second h>er of sntincs has been omitted as a routine 
procedure It is now our custom to remoie the rcniaimn* hemo 
static clamp fiom the pulmonary arten and to jam a small pack 
m hetivecn the aorta and pulmonar\ aiter\ for so\onl minutes to 
permit clotting between tlie stitches When the pulnionaij end is 
drj a pieJ can again be placed betuecn the aoita and the pul 
monarr arterj and the last clamp lomovcd fiom the aortic end 
Ordmarilv packing for a feu minutes is suflfiejent to control am 
oozing In a feu eases it has been nccessirj to take a feu ad 
■ventitial stitches to re enforce a part of the suture line uhcie there 
was some pm point bleeding 

This tjpc of operation maj seem to be hazardous and fraught 
uith dangers and vet it has been performed and completed eightv 
ihic" times without anj fatalitv dircctlv related to the division of 
the ductus In this group theie have been two surgical deaths one 
from staphjlococcus mednstinitis and tlie other iiom cardne 
fadiire in i uoman who uas an e-ctremoh pool risl and who had 
had evidence of cardiac decompensation for a long penod of time 
Complete division of the ductus iiismes that all of the leal is 
stopped and that there is no chance for rc establishment of the 
fistula The effectiveness ol tins operation and the absence of 
mortalities wlneb can be attributed to it mal c me feel that anu 
form of ligation of the patent ductus aitcriosiis is an obsolete pro 
ecdure and I have now complotelj abandoned ligation in am foim 
t would hasten to add that division of tlie ductus is a delicitc and 
painstaking procedure mid hence should not be iindeitiken bj 
individuals who hsTc not mastered the technique in the C’vpen 
mental laboratorj 


KesI [ TS Of OpET VT10^ 

One hundred thirtv patients have been oi erated upon toitv 
seven bv ligation and emhtv tbice bv complete division of the 
vessel There have been fiv( surgical deillis an overall mortalitj 
of 3 8 percent The v oungest i>atient vv is elev on months the oldest 
fortv seven veirs of age Those who have sunned the procedure 
have had ccitam changes which vvill be indivulmllv considered as 
follows 

C/nnqcs in hlooil j rcssiire — rollowing surgical closure of the 
ductus there is no impoit int change in the svstolic Hood pressure 
(rigurc 0) In occasional mdiv idii ils the sj-stolie pressure will rise 



24 SURGICAL TEE ^ T FOR \CNORMAl ITIL^! 

fen to twcntj millimelors of merctin for several tla>s and then 
uoedc (0 Its prcoperafne figiuc The diastolic pressure hovrever 
shows n nnrkctl rise and this is evident at the operating table as 
soon as tlu ductus is closed The degree of rise will v m mvtrselv 
vvifli the depression vvliuh txisted pnoi to opeiation In othei 



I IE » 4. tjT>ical IjIc” I pw sure vliart of a cl ill Iwfore ai 1 after clo-iurt f 
an optn ifuctua Operation makes no important cl ange in the systole level 
Closure of the iluetus is followed I J a sharp an 1 perunnent rise in tl e 1 a«to] e 
pressure 

words a preoperative diastolic pressure which is not greatlj below 
normal vriU change hut little follow mg operation ConverseJv when 
the diastolic ptcssvice has Ikcu depressed to fiftv foitv or thirty 
millimv-tcrs of nicccuij betoie operation one finds an abuipt and 
sinking rise m tbits reading after closure oi the shunt In. short 
when the leakage from the aortic arch has been stopped the vascular 
sjsteni IS able to nnuitaiii the diastolic pivssure it normal phvsio 
lognal IcTch 

The jrturniur — In eight of the e irlicr cases where hgstioii was 
done, a imnmiir, of Itsscneil mtensitv was found after operation 
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indicating some leakage through the ductus In about half of these 
It was belies ed that the ligatures h id not been placed tightlj enough 
to close the entire fistula In the other half there was no murmur 
in the immediate postoperatne period but this uas followed by 
reappearance of the same during the second or thud postoperatu e 
weel In these latter instances it was obvious that the ligalnrcs had 
cut through the vessel to some degree 
In fisc mduaduals all 
of the duetiis murnun has 
disappeared but theic re 
mams a miirmiii indica 
ti\e of some other associ 
ated lesion Tliice of these 
were lecognized oi sus 
pected before operation 
one ha\mg a rheumatic 
mitral stenosis and in 
sufficienej and the other 
two an interventricular 
septal defect In the 
fourth and fifth cases the 
second lesion w as not sus 
pected prior to operation 



because the ductus mur 
mur was so loud that it 
tompletelj osershadowed 
the murmur of the second 
ibiiormahlj 

In the ^ast majoritj 
of cases particiilailv in 
the recent ones where 
complete division has 


Fig 10 Sound true nga taken from tl c pul 
monary region of the chest before and after 
operation (1) and (2) ind cate the t mes 
wl en first and second card ac sounds si onl 1 
occur Before operation tl ere is a cont nuous 
m irmur which is most intense during svs 
tole and which dun miles in 1 astole Fol 
lowing operation there are pure first sounds 
an 1 second soun Is and tl ere is complete 
disappearance of tl e murmur 


Ikcii pcrfoiracd there is complete disappcannce of murmurs after 


oj ention (Figuic 30) 

Aclmty of the heart — One of the sti iking changes which cm 
be observed is the sparing effect upon the heart and the diminution 
m the forcefnlness of the cardiac beat By inspection of the chest, 
partieularlv iii a thin individual the pulsations at the cardiac 
apex can be seen to be less intense Likewasc the pulsations over 
the neck vessels die less prominent A heart which before operation 
had a vetj heaving pounding and forceful beat, will be found to 



2G SURGICAL treatment FOR ABNORM iLITIfcS 

lia\e a postopentivc nctivitj which m comparison js quiet iwl 
much lcs .9 vigorous Further CMdence of this change can be found 
bj fluoroscopic examination or kymognphie tracings Bv such 
means one can see that the amplitude of eNCursion duiing the 
cardiac contraction leturns to normal These postoperatne dirainu 
tions in cardiac action arc not great if the ductus which has been 
closed has been a small one In contrast when a ductus of large 
size has been obliterated there 13 a great reduction in the actuity 
of the heart aftci operation 
Si^e of Oie heart — It has long 
been knowTi that artificial estab 
lishment of an arteiio-venous com 
munication produces cardiac en 
Hrgcment of two tjpes There 
mi j be eaidnc hypertrophy and 
there may bo cardiac dilatation 
Usualh some degree of both exists 
if the shunt is kept open for a con 
sideiable period A patent ductus 
arteriosus is one form of arteno 
venous fistula and it produces 
similar effects upon the heart 
^^hen cardiac hypertrophy has 
taken place the organ does not 
shrink following closure of the 
sliunt Ho\ve\er there have been 
observations to show that in a 
growing individual the thorax 
and other body measurements can 
increase whereas the heart grows 
very little during the ensuing 
vear and a half or two years at the end of this time a normal 
eardio thoracic ratio becomes established "When enlargement of a 
heart is pnmarilv on the basis of dilatation the heart will shrin! 

1 erj rapiSiy folJnwjn^r eJnsurr of the SstiiJa 

Measurements of the heart size can be made quite accurately 
with seven foot heart films befoie and after operation In many 
individuals particularlv wlierc tlie ductal shunt has been small 
there is little diminution m the size of the heart following oj era 
tion In contrast when a fistula of large size has been closed the 
overall dimensions of the heart will shrink particularly the hori 
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nnd contonT from an mdwidual 

uitb aurgical closure of the ductus 
Tracmga taken, from roentgeno 
graphic heart films before opera 
tion (dotted line) and after oper 
ation (soil 1 1 ne) Shaded portioi » 
indicate d oi nation in tl e shadotv 
of the heart and great vessels pro 
duced by closure of the ductus 



OL THE HEART AND GREAT VESSELS 27 

zoiltdl dnmetcr (Piguie 11) AVc have seen dimmutioiis in txaiis 
verse dimensions of as mucli as a centimeter and a half 

Weight changes — Individuals who have an essentially normal 
phjsical development prior to operation, show no important giovvth 
changes when followed foi some months or several 3 cars after opera 
tion HowevLi, underweight subjects, most of whom aic in the 
childhood group, will exhibit a surprising and gratifying gam in 
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BH’ BEFORE LIGATION • AFTER LIGATION 

Fig 12 Griphs of data from tliree patients sliowing output of left Tcntncle 
(under conditions of operation), before and after closure of the dnetus Prom 
studies by Burwell and Eppinger In eacli instance there 13 a marked diminution 
in the left ventricular output following closure of the ductus 

weight, sometimes to an amazing degree JIanj of these childuii 
have added 25 to 30 per cent to their weight during the jeai or 
year and a half following operation Apparentlv, closure of the 
shunt increases the peripheral flow of blood to the body and theicby 
improves the physical state 

Reduetton of the caidiac output — Eppmger and BurvvelP h ive 
accumulated data from some of our earlier cases to studv the 
changes in the circulation which are produced by closure of a patent 
ductus arteriosus During operation samples of blood were takui 
fiom various intra thoracic vessels for determination of then oxv 
gen contents Aftei measuring the amount of oxygen winch the 
{idticnt was eonsummg, calculations tould be made to ascertain 
the per mnmle flow through the peiiphery of the bodv, through 
the lungs, thiough the two sides of the heart, and fimlh, through 
the ductus itself Operation was then continued and the ductus was 
closed off Ten or filtecn minutes later, a second set of blood 
samples were collected and analyzed so that calculations could 
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agiin be imdc for the ^ jitoiis fioHs in difFeicnt lurts of tl e s\stcm 
rrom tlic publications of IJppiiiger and IlunrcH I uoiild like 
to point out the left \cntricular output of tliree of patn nts (Fi),me 
12) The first a giil of fifteen ^ears n h pumping 10 1 lities of 
blood per minute from the left \entricle while the dnetus was 


this immedntclj fell to 4 litres 
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of »t i^# of faptenal infection m If s 
] tesence of an. open tuetua arteriosus 
In carl> stages vegetations are litn 
iletl lo the pulraonarj artery (P V) 
tinier aurli eircun slant ea tloaurc of 
tie 1 ictus has tery beneficial an 1 
curative effects In later stages of in 
fiction tegetat ns maj nj pear on 
tl e n Ural I'nlve (AU J an 1 on lie 
aortic s-ilic (A\ ) In such stages 
S irgical cloiute of a ilnctns appar 
enth 1 ill not halt tl e infection 

diiitL that fibhteiation of a pit 
(Itmmish the work of the heart a 


per minute aftei tlie shunt was 
clo ed 111 n s-'oend child of fi\e 
teals with etulence of severe 
cat due emb irrassment tbeleft 
ventricular output with the 
du-tus open was 87 litres per 
minute whereas it fell to 3 3 
litres per minute after ligntton 
of the duetns The third pa 
titnt a woman of twcnlj six 
vears with marled orthopnea 
for three tears Ind a left ven 
tncnlar output of 14 1 litres 
]ier minute when the ductus 
wis open m contrast to 6 3 
lit! PS per minute when the due 
tiLs was closed It should be 
emphasized that none of these 
observations were made imdoi 
basal conditions Thei were 
made under cireumstauees of 
operation nndei anesthesia 
with the chest op^n with one 
lung parti all j collapsed ct cct 
era However the conditions 
were exactlj the samt in the 
two sels of me isurenienfs ex 
cci»t for elosmo? of the duetiis 
lumt The figuics elcaib "i 
ductus aiternisus cm „rcatlv 
prcsumahly it can incnase the 


eirdiac reserve 

Supertmposed streplococcu^t tindanf utfecfion — ^Formcilv I 
couW not see !vn> rationale tor ojierating upon individuals with a 
complicating subacute bacterial endocarditis nr pidmonarv cn 
daiteritis It was difficult to believe that flicrc would be aii> bent 
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ficiil effects as far ns the infection, uas concerned and indeed tlie 
iisks of ojicration Mould prcsumibh be because of the fiia 
l)ilit> of the ccsscl iiid tlic danjjtr of uncontioll iblc hemoirhage 
Giajbitl, Jstricdcr, and Bojci’ ucie the first to attempt operation 
upon an luftctod case but TourofC and Vesell*' ucie the first to 
cure a stieptococcus cindans infection liy surgical elosuie of i 



P 14 14 ClinKRl ilurt from a nineteen ^e^ro^ 1 patent luetu'» 

»rtern<?u<i ml '5uperinipo''e I stieptoioidis vin lins infection PieMoui tliertpi 
with uleiuite sulfonamile treitment faiUil to <itcrlize the blood stream Fol 
1 iwiiij; sitvu il closure < f tl e iluctus tliere Ins lieen «ul si leace of ft\ir an 1 
ill sub'^iquent Hood culture^ have 1 cen ntgnti\e 

ductus The latci leports of Touroff” shoiv tint of eleien such 
patients (all in the jire penicillin era) A\ho were treated bj suigen 
SIX suiMved and cvere cured of their infection Furtheimore, siil 
fonamide therapj had be^n discontinued or uitliheld foi one or 
another icasoii and the cm itive lesults could bo ascribed to the 
opciatioii perse 

Expeiiences in our ten patients Mith supenmposid strepto 
eoecus \iridans mfectiou closeb simulate those uhieh have heeii 
previouslj described bj TourofC All of our patients uere likcwis" 
in the pre penicillin era, but each had been treited with the sul 
fonanudes whieli were available at the time In no instance could 
tb/i Ulancl be, ‘steKclcrji'i U> ^r'jciK 

Sulfonamides were contuiued for varvmg periods of time after 
opordtioii In three cases the infection persisted and the patients 
nil a downhill course, evcntuallv dvnig of an OTcrwhelming in 
fiction In the otlier seven mdindinls, t)jc therapy was effective 
in bringing about a permanent cure of the streptococcus vindaiis 
mfectiou In some of thasc the blood eultuics became negative im 
mediatclv after operation (Figure 14), while m others the cultures 
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reimined positnt for as lonjj as two weeks after operation and 
then all subsequent onts were ncfrative (Fi*nire I'i) 

It IS not entireh clear wlij surgical closiiii- of a ductus should 
ha\e curative effects upon iiifoetion which exists m the pulmonary 
aiteo, but two explanations seem plausible Blood squirting 
through an open ductus into the pulmonarv artery must dislodge 




Tig IS Clinrt from a thirty six jearolii man Mho for four months lid 
shfurn evidence of slrepfofocciij tirtdans blood stream mfeetion, eontinneil 
fever, great loss of weight, etc Extensive thernpv with Biilfapyridme nnd 
li>I*erpjrexia with injections of tjphoid antigens had been ineffective in eteril 
iririg the blood stream Operation aS indicated In three weeks the tempemtiire 
liid subsided to normal, and all blood cultures since that time have been 
negative 

bictcria from the vegetations which exist there Hence, there la 
fonstant seeding of the blood stream (Figure 13) Surgical stop 
luge of the flow through this nozzle will allow the current m the 
|)Ulmonar> arterj to become more quiet and tlius promote healing 
of the vegetations Secondly, wlion the ductus is open the blood 
within the pulmonarj arterj has a rather high degree of oxjgen 
sitiiration, u sitmtion which makes suitable conditions for the 
growth of bacteria Closure of tlie dnetus immcdiateh cuts off ad 
mission of aitenal Wood and the pulmonarj arterj will then eon 
tarn onlj venous blood, the low oxjgcn saturation of which will 
discourage the growth of organisms 

Touroff has pointed out tliat as long as the vegetations are 
limited to the pulmonarj arterj (Figure 33), ojh ration has higlilv 
beneficial effects Such individuals nnj have debilitating infection, 
have positive blood cultures and maj have pulmonarv infarcts vet 
operation is successful in a higli percentage of esses In eontnst, 
late stages of infection usuillj imply that vegetations have de 
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vcloped upon the mitral and aortic \al\cs — a fact which can be 
recognized bj the appearance of iieriplieral emboli — and under 
such circumstances opeiation Ins little or nothing to offer 

Prior to the dajs of surgical treatment for patent daetas arterio- 
sus, individuals who had superimposed streptococcus \iridans in 
fection usuallj died of tlus complication, and not more than fi\e 
or ten per cent iccovered under nnj form of tlierapj With the 
advent of surgical treatment, permanent purtsha^e been obtained 
111 sixtj 01 sesentj per cent of the cases, a serj encouraging ad 
^ance Moie recently, the same general results ha\e been obtained 
with penicillin alone, and this type of the^ap^ will probablj super- 
cede the surgical one While we must recognize the potenej of 
penicillin in eradication of such infections, it is well to point out 
that some of these patients subsequent! j die of cardiac failme he 
cause of mMicardial damage or cxiiaustmg effects of their illness 
Hence it IS possible that the optimum therapj of the future will 
combine the anti biotic actmtj of penicillin with the reduction of 
caidiac woik which can be brought about bj surgical closure of 
the open ductus 



DEfECTS or THE PERICARDIU1\[ 

Absence ot portions of the pericudiiim rjrelj gnes rise to 
symptoms or to dtsturbed function ot the cardiac mechanism Con 
genital absence of a part or Mhole of the pericardium has been 



10 RoentgenOoroni of four y'aroiJ 1 will n con plirat of per* stent 
eOQoI T1 ere is a s! ado v projecdOK from tl e ri"l I aide of the J earl (Cou(,l 
wns presumalh caused by mitafion or atrctcling of oterljmg rigl t phren c 
1 erve) 

obsened be LadeP- and others tlicsc being incidental findings in 
thoracic opciations or at the post moitem talilc Tlie perieariluini 
Ills been rcmoied expenmentallj’ from animals and the adjacent 
structures liaM become smoothed ocer so that the moving heart tan 
beat in a satisfactory \\a^ It is now woH known that large portions 
[ 32 ] 
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of the peiicardauH con he lesectcd from humans iwth constnctne 
pel icarditis niid the htart can be m ide to ino%L and twist in a mon 
normal mannei Wink absenct ot the pciicaidmm, per >,c, is not 
deleterious, certain detects which iiuolve the subjacent diaphragm 
can be troublesome, as is etemplihed by the case indicated in Fig 



I IT Sjjuie I inent fts ahovn in Fig 1( ^ i^unlizntion of interior of heart 
}» injection of <0 jer teat tiioiiri«t into the Jeft inte ■iiibital rein BJiek “irrom 
indKate iodide m riglit side of heart White arroivs mdiente nK<>9 projecting 
from 1 part This does not contain iodide, and therefore is not a di) ite 1 cardiai 
• hander (Operation showed this nia^s to be a jortion •}! hver which had pro 
truiied through a diaphragmatic heniii into the pericardial «ac ) 


lircs 1C, 17, and 18 This patient has been described in gicatei 
detail elsewhere** 

Herniations through the diapluoigm and into the pericardial 
sae are raie jet ncogiution of them is important because tJie indi 
vidual’s siinptoms can be completd) rclieied bj replacement of 



\L.i i II- s 



1 tg 18 Same patieat as Ti^ 1(5 aal 17 Po^ operative Wni of I eart after 
rt pla< eriient of lol e of Iivrr into nt loniin on] repair of diaptiragmatu 
ptra rnlinl defect 


tJte alxiominal aaseera uito their proper position, followinfr this with 
M suitable repair of the diaphragm and the pcrieaidium 


TETRALOGY OF FALLOT 


A ne^\ chaptei is being \\ntten m the treatment of eonRcnitil 
heait disease bj the outstanding A\orL of Blalock and Taussn; * 
wZueii ?ias appeared v,ithm t!ie Mst ^esr Mf oim espenenec hi 


this field IS too limited to ivai 
rant recording it here, but I 
\\onld like to make a few com 
ments on this important work, 
the full details of which .11 e 
asm liable in the publications of 
Blalock and Taussig 

The description bj Fallot 
of a combination of anatomical 
abnormalities senes to focus 
attention upon certain patients 
in the so called “cyanotic 
gioup” of congenital heait dis 
case This does not include all 
induiduals Mho ha\e had cj 
anosis since birth, but it does 
applj to about three*foiirths of 
them The clinical and patho 
logical findings have been wcU 
described bv Abbott and maiij 
other cardiologists and pitiiolo 
gists The studies in pathologic 
anatomj, which ha\e come 
from various sources during the 
past half century, ha\ c gi\en a 
broad foundation for under 
standin" of congenital heart 
disease, but ue have been de- 
nied therapeutic advances until 



Fiy 19 fckettli el on mg fundamental 
phj Biological abuormnlities m an indi 
n-itli a tefralogj of Fallot The 
aorta is shifted m «urh a na\ that It 
o^errldes both \entnc,es and receives 
bloo I from both of these chambers 
There is an obstruction (in some ca«es 
an atresia) at the orifice of the pal 
monari arterj , this nn\ involve the 
valve, first portion of the nrterv, or 
the pulmonarv conus lielovv the valve 
The two imporlaat f-ctors vvhtch con 
tribute to evanosis ar** (1) the direct 
propulsion of venous blood from the 
right ventricle into the aorta nnd (2) 
an obstruction in the fir«t part of the 
puliuonarj arterj giving a diminished 
flow of Wood into the lungs 


recentlj, when a change in thinking occurred and attention became 
focused on the pathologic phvsiologj of these patients Insostiga 
lions such os those of Barclat, ef Burnell and Eppinger,* * ^ 
and others, base turned the spotlight from a mere listing of ana 


[ 35 ] 
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toimcil \ iiiaiiN and liave l)rou^]it onf jiito <'ftai wliat is loin/ 
on in tlte living,' patient iMth % annus ti i cs of e irdi-if malt irm itnns 
'With an excccclmgli nth Ind groimd of mans \cu-s i imiUants 
s\ith congenital heart disease Dr 1 uissig his {oinUd out ind 
stressed the simple fact tint individuals nitli a ittialogv of Fallot 
are not getting suffieieut blood thiough the lungs f i oNsgenation 
With this conviction she Ins enlisted the stnicts if Dr Alfrtd 
Blalock who has long had a partituhr interest m manv brandies 
of \ascnlar surgerj The cardiologist has firm!> indicated the de 
sirabilitj of getting moic blood into tlie pulmoinrj eiicmf ai d the 
surgeon has devistd the v\i^ for attaining this goal Tlit results 
of these combined efforts are I am suic famili ir to all of sou and 
thej stand as a brilliant example of wliat can he accomplished bj 
tbe pooling of interests tapacitus and facilities foi making i 
united frontal attatk on a medical problem 

From a phjsiologic view point the individual with tetialogj of 
I allot has two fundamental distiiibances to account for his ejanasis 
and the debilitating effects which arc produced bv tlic cjanotie 
state (Figure 19) First there is some intermixture ot blood be 
cause the aorta bv virtue of a dextro position of its oiifiec I'cceives 
blood from both the left and the iijit ventricles fsothing can le 
done to correct this intcrmixtuie ‘Second there is some stenosis 
of the pulmonarv eonus the pulmonic valve or the fii-st j ortmn 
of the pnlmonnrj nrterj — inj one of which dimtnishis tbe flow 
ot blood into the lungs This ph 3 siological deficit can be overcome 
I 13 the single il establishment of a shunt between the aoita and the 
pulmonaij arterj to allow moie blood to pass into the lungs The 
production of such a fistula is the essential feature of the Blaloek 
operation 

Blalock has devised several metliods for producing a ehannil 
to increase the pidmonan blood flow (Figure ^0) Tfie left sub 
elavian arten has been dividid at the base of the neck and its 
proximal end turned downward ind joined to the pnlmonarj aitcrj 
Such shunts are beneficial but are frcquciitlj of insufficient size 
lit nee larger arteries have been emplovetl such as the left common 
carotid or the innominate for making the fistulae In general tlic 
innominate arterj anastomosis has given a shunt of appropriate 
size 

These operations have cairicd moitalitj lates which are not 
prohibitive when one considers the desperate condition of man> 
of these patients The lesulls of operation appear to be somewhat 
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\aiiable For some of tho’se children there has bten a new lease on 
life and the smgicil dccomplishirent nnist bt classed as brilliant 
For most ot the indnidnals, consideiahle degrees ot impiovemcnt 
hue i?een the ru^c a idatnei} smrtll n»7?iher there has been a 
failmc It IS \CT} satisfying to sec indniduals who ha\o been im 



1 s _0 Cejei-n (tiiujfjucj* einplcoeil B1 ili>ck for incxpasing- the flow iif 
bio ill into the pulmonary it stem Lefi — The innominate artery has been di 
eidcd at the baie of the neek and this vessel turned doivnaard for anastomosis 
to the Tight pulmonar> artery flight — The left subclavian arterv has been 
iliMiled at the base of the neck and turned downward so that it can be joined 
to the pulmonary artery The left common carotid artery has been used in 
some instances The tecliniques have usually been end to side anastomeses but 
in some ca^es a branih of the pulmonary artery has l^en dmded and end to 
enl unions ha\e been made between the arterial system and the pulmoinri 
nrtery of the lung root 

])ro\cd by this operation The cyanosis is modcratelv oi jnsikedly 
dimtiitshcd, and objects c measurements of this can be found tn the 
postoperative increase of tiie oxygen saturation of aitenal blood 
and in the diminiilion of the polycythemia Piirthcrmore indmd 
iials who have had oxtieme Umitatiou of activity and who seldom 
did anything more than squat on the floor, cm now walk oi run 
for extended distances 

Two general problems apparently need further attention and 
It is reasonable to assume that progress along these lines will be 
made m the future The first concerns itself witli the selection of 
cases for operation At the present time the mam method for pick 
mg out the mdnidual witli a small pulmonary blood flow is by 
roeiitgciiographic demoiistratiou of a small pulmonary artery 
Fiirthcrmori^ Ibeic sliould be no cMdenoc of pulmonary congestion 
It would be very desirable to have more exact methods tor identify- 
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iiiK individuals with i markedlj diminished pulmonaij flow be 
cause it IS in tills group that the most promising rasults can be 
obtained bv surgical means C athetcrization of the right auricle 
md the ri„ht ventricle is well is the vosscK connected vrith this 
Utter chambei can jicld data indiciting pressures in various parts 
of tJio svstcm and can pioeure blood samples from these rarious 
ueas for determination of their o\j gen content It is theiefore pos 
sible under some tircumslanecs to compute the pulmonary flow 
in an approximati. manner Bnrwell and Dexter have made obscr 
vitions of this sort and I hive little doubt that such examinations 
will be more widely used iti the future It is of course, more diffi 
cult to tmploj the cathetei tcthiiicjue in children hut with proper 
sedation or possiblj with generd iiiesthcsn it is cjuitc probable 
tint these tests cm he made on subjects at join ger ages than was 
formerlv thought possible 

Tht second problem is concerned with the development of better 
methods for establishing a shunt between the aorta and the pul 
moilirv system JMany of tlie subclavian artery luastomoses have 
apparently givtii a shunt of too small size for optimum results but 
the we of the left common carotid or the innominate arten has 
sometimes led to cerebral ischemia and a distressing hcmipbcgia 
While the neurological disorders apparently improve m time they 
are complications which cm gicatly mir an otherwise favorable 
outcome Blalock s observations have concinsvvely demonstrated 
the correctness of the fundamental principle that a shunt between 
the aorta and pulmonarv arterv Ins beneficial effects for an indi 
vidual with a tetralogy of Fallot hut I am not at all sure tliat the 
best method for making this shunt has vet been brought forth 
There is every reason to believe that another method vnll be dc 
V eloped so that the cerebral circulation can he left intact while 
establishing an opening of proper size between the aorta and the 
pulmonary artery 

One cannot deny the fact that these operations make a compli 
cited ibnormahty indeed somewhat more complicated There is 
no chance of restoring a normal eanho vascular arrangement to 
these individuals However the shortcomings should not m anv 
way detract from the tremendous advances which have Iccn made 
by bunging to these miserable patients a more normal apreirancc 
a greater capacity for physical exercise and akso a vUminution vn 
the threat of thiomboses which previously existed because of tic 
poly cythemia 



RIGHT AORTIC ARCH 

Appareiitl,% nothing ni a surgical Ins e\Pi lieen attempted 
for treatment of a right aortic arch uhieli gucs rise to symptoms 
While the vast majont\ oL such abnoimalities are bejond the pos 
sibilities of sin gi cal relief there are some eireumstanecs undci 
which this might be attempted In passing, I Mould like to record 
briefly SCI oral thoughts uhich I Inie had on this mattei 

A right aortic aich mii he combined Mith othei seieie cardiac 
abnoimalities, but in maiij instances it appeals alone The most 
common form of a right aortic arch is tint in which the ascending 
aorta projects to the light of the tiachea oi esophagus and then 
to the left behind the esophagus continuing doumnrd as the de 
scendmg aorta {not on the right side of the hod’s but a little to 
the right of the normal position foi a descending aorti) Great 
variations ni i\ occur in the largo arteues uliich arise from the 
aortic arch, regarding the points oi origin from the arch and also 
their positions as thcA course upmrd to reach the exits of the 
thoracic cage 

Three geneial asiiects of right am tic malfoi mat ions desei^e 
specific consideration because Ihei raise the possibilities of surgical 
treatment in some patients (1) The arch maj rest upon the right 
upper lobe bronchus and produce atelectasis or obstruetiee cmpJii 
sema in this portion of the lung While the aich cannot be remoied 
therefrom, it might be expedient to excise tlie ngJit upper tobe if 
thisstrnctmc becomes the seat of reciinent infection (2) In some 
cases, an arterj aiises fiom tin aich to the right of the midline 
Thus a left common caiotid arteii oi a (left) innominate artcii 
can pass over in front of the traeliea as it runs to the left apex of 
the diest In this way, the a^te^^ ma^ be stretehed like a bow 
string acioss the trachei and gi\e use to sjmptoms of tracheal 
compression The trachea could be relieved of this prcssnic b\ 
dividing the lesscl or better still bv displacing the vessel forward 
and anchoring it to the hack of the sternum (3) The ptilmonarv 
irten, bj' virtue of its attachment to the aorta through the ductus 
artciiosiis or ligament urn aitcriosiim, is pulled backward liocanse 
of the posterior displacement of the arch Thus the pnlmonaiv 
irtcrj call be pulled ugunst the fiont of the tiachea m a wav (hit 
eorapressos it There should be little dilficulti in division of the 
ductus, or the hgamentiim artenosum, to allou the pulmonarj 
artery to fall foiv\atd and thus give more room for the trachea and 

esophagus f 39 j 
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\ ngkt ‘lortic aich \w\nU5 rist to few or no sMnptoras 

ind tlie al)rioimnlit3 maj be onh of utaclemic inteust IIone\ei 
Jt w possiblt foi a number ot complamts to come from these mal 
formations ns js shonn b> the leports of Reiianclei ** Spragn 
rt ff? ** nnd Gros.s and ^^are'* et eetern There mnj le dssphn 1 
stridor dsspnen ejanosis lionrseness cough nnd pain in the upi ci 
portions of the elicst 

Jfi attention w is drnnn to the tliorapeutic possibilities of siir 
„en in this field In the post moitem findings m a four month old 
liibj who died bceniise of com[ lieations arising from one of thesi 
nbnormnlitics This eliild had had difRciilts in brenthing and in 
feeding since hiitlt AIiicoiis often eolleettd in the throat and ga\e 
nst to eougliing hut there «as luiei anj cyanosis The coughing 
nnd the collect ton of mucous were tnoie troublesome when the bnb\ 
1 ns Ijing on her bad hilc hesitation in swallowing bad been 
present since birth this had liecome more marked in the last month 
of life Wion urged to take nioic than an ounce or two at i time 
she insariablj spat u] some of the formula The respintuns wctc 
quite noisj and there was an mspiratori czow Bj \ n) essmiua 
tion of the chest tlicrc was some pen bronelntis but no other im 
portant ehaiinC in the lung fields A\hen the esophagus was visual 
ired with a sw illow of barium it was endentli pushed forward by 
some mass at the let el of tlu third or fourth thoracic tertebra At 
this same gencril letel the trachea was nairowcd abote the carina 
bj somctbmg which pressed on its anterior surface The state of 
Iiealth was precarious the pulmonan infection increased and in 
spite of 1 gastrostomj which w is established foi feeding purposes 
the child succumbed At autopsy diffuse broncho pneumonia and 
t irlj bilateral enipjemata were found The transverse part of the 
aortic arch lat to the riglit of the tidchea and esophagus and the 
third portion of the arch passed behind the esophagus The anterior 
sill face of the trachea was compressed b> the pulmonan alters 
wlmh was drawn against it because of an attachment through a 
pitcnt ductus arteriosus to the josteriorlj displaced lorfic arch 
ruithermore the left common carotid arti.rT arose from the ascend 
mg aorta and lai tiglith across the fiont of the trachea as it 
coursed upward and to the loft The ] ost mortem findings sug 
gesttd tint the child might ha\e been lelicied bi dnision of the 
patent ductus arteriosus (to allow tic piilmonnrj arteij to fall 
fonrsrd) ind also b\ dislocation of the left common carotid arten 
m such a waj that it could be renumd fiom the trachea 



DOUBLE AORTIC ARCH 

There are on reeoid some descriptions of hnmau subjects in 
whom the ascending aorta splits into two limbs, which encircle the 
esophagus and trachea or only the trachea, and then jom to form 
the descending aorta In the normal deielopment of the aortic 
arcli, only the left fourth branchial artcrj persists to form the 
definitive arterial sjstem*® If, however, both the right and left 
branchial arteries persist, then the abnormality under consideration 
becomes established This malformation has been vanouslv called 
“double aortic arch,” “bifid aortic arch,” “split aortic arch,’^ 
et cetera In a few examples the anterior hmb has been obliterated 
in part or entiretj , leaving a fibrous cord In most instances both 
of the limbs are patent and carry blood In verj rare eases the two 
branches are equal in size In the majority, the anterior (left) arch 
IS somewhat smaller than the posterior (right) one The division 
of the aortic arch into two channels implies that these limhs sur 
round some mediastinal structure In at least three instances the 
trachea alone lias been encompassed, but in all others the esophagus 
as well as the trachea has been encircled 

A double aortic arch may give rise to no sjTnptoms, indeed, 
the majority of specimens which have been described have come 
from autopsj examination (or anatomical dissection) of elderlj 
subjects who apparently had no important impairment of health 
from the malformation Such freedom from complications is not 
universal The presence or absence of symptoms mil depend upon 
how much room is available between the two limbs of the aortic 
arch If sufficient space is present, it is obvious that the trachea 
will not be compressed, and the esophagus can displace forward 
during the act of deglutition However, if the “vascular ring" — 
if sucli It may he called — ^is small, there will be encroachment upon 
the esophagus and trachea If these complications appear, they 
arc exlrcjDopJ^ apt withon the fij2d.v car of lifq, and dy^ha^gia 

or stridor become outstandmg complaints Frequently, there is a 
recurring traeheo-bronchitis and indeed, death is prone to occur 
from superimposed pulmonary infection 

Wolman** has vei*j precisely described the chmeal picture 
which IS presented bi these infants, and our observations are quite 
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iimihr to his> Djsphagia and particulatlj stndoi vj I'cav bhotUy 
aftei birth and are persistent These may be mild oi thev may be 
severe thej eiu continue until death supervenes oi suigieal relief 
IS instituted fiiC rcspiritions arc noisv and vileezing and they 
often liavc a cron mg qualitj Keti action in the suprasternal and 
intercostal spaces is usuallv found There mav be a lecurrent 
harsli or brassy nonproductive cough The cn is hoarse The 
rcspnatoiy rate mav be mail ocllj elevated \Vlien the child sual 
lows fluid or solid food the respiratory noises are accentuated and 
at times mild or moderate cyanosis may appear Su allowing is slow 
and the liaby might haie to rest at fiequent intervals to improve 
the breath mg Infections of the trachco bronchial tree and the 
pulmonary parendivma are presumably m some wav stirred up 
or melted by the compression of the trachea thev mav also dev elop 
from spill over of food into the air passages 

The roentgenologist®* can lecogmze these abnoimalities with a 
considerable degree of accuracy during life A swallow of barnmi 
permits visualwatvou of the esophagus whieh mav show little dis 
turbanec in the anterior posterior view but winch will be displaced 
forward at the level of the third or fourth thoiacic vertebra The 
size of the stnietiue behind the esoiliagns may or may not be as 
large as that seen m a right aortic arch The filling defect on the 
posterior wall of the esophagus has a transverse direction and docs 
not have tlie obliquity which will he described later in the section 
on anomalous right suhelav laii aiterv The trachea can be studied 
by antcio posterior and lateral films of proper dcnsitv It is usually 
possible to visualize the trachea because of its air content and to 
asccitam any deformity which is present If such visualization is 
imsatisfactory lipiodol can he inserted or sprayed info the larynx 
(without anesthesia) and excellent delineation of the trachea oh 
tamed By this means a latcial film will show compression of the 
anterior surface of the trachea just above the eanna 

Surgical therapy is now available for this ahnormalitv even in 
the smallest of subjects It is impossible m most cases to divide the 
posterior aortic limb since this is almost alwavs the larger of the 
two channels However by severing some portion of the anterior 
(left) limb the vascular ring tan he broken and siiffident room 
can be made for the trachea and esophagus Just where the anterior 
limb should be divided wall depend upon the size of the various 
portions of this limb havang due consideration for maintaining an 
adequate flow to the vessels which might arise fiom this stnieture 
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The exact arrangement of the great \essels and the details of the 
opeiative procedure emplojed for alleMvtion of tracheal compies 
s'on ha\e been more full} presented in p^e^^ous commimica 
tions” 

I ha’ie had very fortunate experiences with surgical treatment 
m two patients with these abnormalities The first was a nmt 
months old child who first came to the hospital at four months of 
age wath a complaint of wheezing respirations since birth Be 
cause of a widened superior mediastinal shadow which was thought 



Fig 'Sketch of double aortic arch from a five months old baby who 1 ad 
s3fmptonia and roentgeno graphic cTidenee of compression of the esopl agua an I 
tie trachea Double aortic arch as fount at surgical exploration 
Fig 2“ Operative procclure earnel out for double aortic arch Blown 
Fig 21 Tie anterior 1 mb of the aorta 1 as been iliMdet between the orig i •* 
of tl e left common carotid arterv and the left suhclarian arterj The left 
common carotid arten las then been tackcl to the back of the sternum s 
tl at it will not pre"s on the anterior “urfaee of the trachea tl isprocelurt 
the cl lid has been con pletelv relieve 1 of svmptoms 

to represent an enlarged thjmiis x rav irradiation was given with 
out relief The child was liospitalizcd at three suhsequeut times 
for attacks of acute tnehco bronchitis during each of which tlu 
babv was seriouslj ill The thenpv on each occasion included the 
use of a steam room administration of ox} gen appropriate chemti- 
thcrapj and other supportive measures During these times the 
child was ill enough to be on the danger list With the care indi 
cated, the Inb} survived each of these episodes of infection Fmallv 
suspecting some underlv mg anatomical abnormalit} the csoph igiis 
and trachea* were v isualized by rocntgenograpbic means and cli inges 
V ere found ns indicated m a preceding paragraph Exploration 
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was peiformed through a left antcro lateral approach traveiMns 
the plcuial cititj, and entering the mediastinum through its left 
side A douhlc aortic arch \ias found, from the posterior limb of 
which came thi innominate arter) and from the anterior limb there 
aiose the left common carotid and the left subelasian artmcs It 
seemed best to divide the anterior aortic limb betwtcii tin origins 
of the loft common carotid and tht lett subcUvnn artcrv This 
immediately rtlnved the sterferous breathing and the rcspiiatorj 
sounds diminished almost to normal rnfoitiinateh the left com 
mon carotid artery ins left lesting upon the trachea in a wav which 
Ins given this child some residual symiptoms Although greatlv re 
Iieved from the preoficrativc state, the individual still has some 
persistent difficulties 

The second patient was a five month old babv who entered the 
hospital because of stiidor, cough, fever, and rispiratorv infection 
of two weeks duration The child was quite evanotic and was in 
severe distress There was marked mteroostal retraction lie was 
placed in a steam loom, given oxjgtn, penicillin and snlfadiarinc 
For two divs his condition was serious enough to require the use 
of various stimulants, but following this period he gradnallv im 
jtroved and was discharged apparently free of infection on the 
nineteenth day Two months liter there was agiin cough noisv, 
respirations, piogiessive anorexia, and weight loss Rotntgcnologie 
studies showed compression of the esophagus from behind and flat 
tening of the tiachea from the front At surgical exploration 
(Figure 21), again by way of the left pleural cavity, the superior 
mediastinum was dissected without difficulty and an abnoimality 
was found which was precisely the same as that described in the 
last ease The anterior aortic limb was divided as before, but in 
addition, the left common carotid artery was held fonvard and 
awav from the trachea by anchoring it to the hick of the sternum 
with several interrupted silk sutures (Figure 22) The respiia 
tions now became quiet and entirely normal The left lung was ri 
expanded and the chest w as clo«td Follow mg operation the residual 
respiratoiy infection rapidly responded to treatment and the hahv 
was discharged from the hospital on the twelfth dav Since tint 
time the child his been normal in every way lie swallows without 
hesitation, his had no stridoi or other respiratory symptoms of 
any kind There has been a rapid gam of weight and the parents 
are delighted willi the result wliicli his been obtained * 



ANOMALOUS RIGHT SUBCLAVIAN ARTERY 

“Djsphagia liisoria' is a condition in iThich liesitanci m snal 
lowing occurs because of incssiire on tlie esophagus hi an 
anomalous right siibcldMan arterj In these patients the right 
suhclaiian arteij, instead of arising in a normal 118 % from the 
iiiiiommate aiterj lias an origin from the left side of the aortic 
arcli so that the vessel must course npnard and to the right cross 
iiig the raidlme to leatli its noimal exit on the right side of the 
thoracic cage Hoirapfel® made a stud\ of 133 specimens and 
found that the artci'j ran behind the esophagus in 107 oases, be 
tween tbe esophagus and trachea in twentj, and in front of the 
tractic'i in six The vessel nsuallj exosses the mull me of the bodv 
at about the level of the third dorsal vertebra Tin. first authentic 
report of this abnormalitv was moie than two centuries ago, ap 
parcntlv bv Hunauld 111 1735 Particuln attention was drawn to 
the imiformation bj an exceedingly well desciibcd and illnstratcd 
leport of Bavford*^ in 1794 Pot maii'^ Jodi's he had attended a 
woman who hid had marked difficult j in sw illowing which had 
progiesscd to the iioint where she was emaciated and vv is jn an ad 
vaneed stage of starvation She was lemovcd to the countv alms 
house where she cvcntuallj died At aiitopsv the csoidiigus itself 
was normal but it was indented b> an anomalous right snbclavnn 
arterv whicli a lose from the left side of the aortic aich To this 
clinical and pathological state he ascribed the name of dyspJwffin 
Imonn, indicating thcrebv that the djsphagia was due to a lusus 
natiaac (a freak or deception of nature) 

An anomalous right subclavian arterj docs not neecssuilv give 
use to sjTuptoms indeed it does not do so in the majontj of 111 
stances It maj, however, jwess on the esophagus suflicieiitlv so 
that the patient complains of hesitancv or discomfort during the 
act of deglutition This mav in no wav impaii the generil health 
oi' tfie patient, aiuJ rthj sv tirptbrns' rmgilt mn* imTeaxe ulininr axdnV 
life However, there are frequent observations to indicate that 
dvsphagn Insorn mav become more pionounced with advancing 
j cars Tins aggrav ation of sv mptoms is related to mere ised iigiditv 
of the great vessels in later life or to dilatation of the snbclavnn 
artery or the aortic arch m such a wav that greater pressute is 
exerted on the esophageal tube 

r45J 
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The lOCiitKtiiologist can now detect the picsenec of fins ab 
normality with f,reit eertainlj \ isualizntion of the csopha^jus b^ 
n lurium iw lUow shows that it is compressed nsuilb on its pos 
tctior sill f ICC In some long narrow structure extending upn aid 
and to the right m an oblirpic direction The proportions of this 
filling defect correspond to tint which one would suspect liom the 
size of the subehvian arterj The esophageal defect will lit it the 



Fig 2a sketch of an aaomaloua right sutcla^ nn artery nhich lacks its norm ) 
origin from tie innominate arten tut instead orisea directly from the left 
side of tie aortic nr 1 Operntiie finings from a four months old babv al 
had dilhcuTte m 8« allow mg 

Iig 24 Tvpt of ojiratioii camel ot for nbiormaliti shown in Fig "S 
Tie right Bulclavian arterj was doul !j ligate 1 anl d Tiled s tl at it i i» 
con pletelj d splace 1 fron its rttrocJ ]! ^^‘1 pesil oi 

le\cl of the tlurd or fourth tJior icie ^trtebra Theic is usii ill\ little 
or no dilatation of the esophagus abo\e this aiea \Mnlc the sub 
claMan arterj is usiiallj on the posterior wall of the esophagus 
Neuhauser * has shown an example (unproved) of the \esscl eonrs 
ing between the esophagus and the tiuchea 

It IS possible to divide the first portion of a subclavian arterj 
without seiious impairment of blood flow to the corresponding 
CW.Wai:5.1 e.b.a.vjpfl.K caTM.iatj.tij^Tbh wvt)x ttie <!n<iQo/l ami 

third portions of the subclavian aiterj and with the axillarj 
arterj are sufSciint to maintain an adequate flow of blood to the 
arm Tins has been cxtensivelj studied bv Hoisted and more 
pecentlj has been substantial cd bj the senes of cases reported b> 
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BHloek*® in \\lnch this \essel has been severed without anj deleter! 
oils effects upon the arm These observations at once imke it e\i 
dent that a patient with dysphagia lusona can be completelj re 
lie\ed of symptoms by division of the anomalous sub(la\ian arterj 
so that it IS removed from the posterior mediastinum 

We have had the opportumtj to studi the effects of vuch an 
operatise procedure on a four month old infant uho had had dis 
ties-s since about one month of age** Difficulty in su allowing in 
creased since that time Whenc\er the child would attempt to 
suelvlc he would immediateh stiffen up with pain and would cry 
After subsidence of this discomfort lesumption of feeding would 
again bring on a spell of crying There was occasional regurgita 
tion of mill At some feedings the child would tal e the full amount 
of formula hut frequently he would not swallow more than an 
ounce or two In order to maintain the hahi in a satisfaeton st itc 
of nourishment it had become necessary to gi\e him fifteen to 
twenty small feedings per day The general plusical examination 
was negative Ohseiwation m the hospital sliowcd that many feed 
nigs were taken well but at other times only a small amount of miU 
could he ingested Aftei roentgenologic examination of the esopha 
gus Dr Edward Neuliausor found a posterior esophageal defect 
such as above described Ihe chest was explored through a left 
antero-lateral thoracic approach traversing the left plemal cavil v 
(Figure 23) Without difficulty the supcrioi mediastinum could 
be dissected and an anomalous right subclavian artery was found 
passing upward and to the right between the esophagus and the 
vertebral column The vessel was doubly ligated and divided m 
such a way that its distal end was allowed to retract to the patient s 
right beyond the esophagus (Figure 24) Following operation 
this child has had an extrcmelv satisfactory course and has not had 
the slightest hesitancy in swallowing 

While an anomalous right subclav lau artery is i malformation 
which usually does not give rise to important svanptoms theic are 
some radiviifuafs who can ohvaousfy 6c hefpeef 6v this surgical pro 
cedure which is not difficult to pciform 'Uhenever there is any 
serious impanment of health certainly tins therapv should he ad 
vised Indeed when there are difficulties which do not necessarily 
endanger life but which are nevertheless quite disagreeable opera 
tion could bring comfort and relief 



COARCTA'IION OF THE \ORTA 

CoarctatuHV of flic loiti is a n nrowiitf? or complete olistiuction 
of lilt lolti Tilt lesion lias IjetJi classifed as a coiiprenital one bnt 
flic I'^act mtme of the oblitcrAli'o jiroeess is not entiielj clear 
The f nt that eoirefation apiieat** m that part of the aort i adjacent 
to or near the li<?amentum ai 
tonosiim siiKjTCsts that the tie 
Wrntlti is 

concerned aMth closure of the 
ductus has in some was in 
sohed tlie aortic wall Thcie 
have been a ftvi desenptions 
of coarctations which occurred 
in the abdominal oi m the 
lowci thoi icie portions of the 
lort 1 In most instances it is 
found in tin distal part of the 
aortic arch or in the uppermost 
sc^ient ot the descending 
aorta so that it is near the 
ductus irtinosus oi its ohlit 
erattd remnant the ligamen 
turn arteriosum Coarctation 
has bcLii Slid to occur about 
oiici, m every 1000 to I'iOO rmi 
tine jiostmortem esamiiiations 
Pathologists have sepaiafcd thi 
1 B 2-> sreemen of toan.tiiion of nl normalities into two general 

tic aorta from a tvcityfive jearoM groups in a vv u winch is some 

wo nan who i1 ed from latricnml ^v lilt Superficial but which has 

IcnorrJagc Trooi Rr in well stiJ . ^ -r 

J es KrtisU Heart Joumil S 2( ) 'iome practical importance In 

ISIl Tic coar tati appears jut the infinittU t>pt there is a 

Icyonl tic origin of the left suT S-gmcnt throughout 

c a\ a orterr -wVodri tVie aT«^a -fs 7 >aTTtffvt<l 

or ohhtented Tins narrowing is found in the aortic arch par 
licuhrlv in its distil onetlnid or one half so that the left sub 
clavian nrterj luid possibly the left common carotid artery tttiivc 
a poor supply of blood I his form is usually associated with other 
[ 48 ] 




OP THF HFART ANT) CRFAT M«lSPL& 


49 


se\ere cirdiac abnoim-ilitics aiul gcucralh is iiicoTnpdtiblc •with 
life foi more than a few wcchb oi months In the adult tjpe of 
coarctation the constiiction is limited to j sers short segment and 
appears just at or htiond tht origin of the left subclasian arterj 
(Figure 2)) In this tjpe the heart usuallv shows no congenital 
malformation or if such is piescnt it is apt to be of a minor \aiiet5 
It is apt to he of a minor \arict\ 

Induidiials with an adult tvpe of coarctation ha\e a ^^r^able 
pro mosis regarding general health and longe^ itj of life Oecasiomi 
p itieiits lue to in ad\ ancid age and ha\ o httlo or no incapacitation 
hut the mijontj of them dc\clop compheafions of serious or even 
fatal significance (1) A localized or dissecting ancimsm maj 
appear This mai inioKc the aorta aboie the obstnictiou but fre- 
quenth it is found m the lowei aortic segment Such dilatition is 
often on the basis of arteriosclerotic dt genera tion but it can also 
appear m a wall which is free of artei losclcrosis and which is thin 
because the media is deficient in tlistie tissin, (2) There miv be 
rupture of the upper oi lower aortic segment and a sudden death 
Hiipture does not ncces.sarili depend upon a pifstxistjng iiipei 
tension In a personal communication Dr Samuel Le\ine Ins told 
mo of one woman twcnti three years of age wlio was pre^iousJi 
1 nown to hue a notmal blood pressure in the arms but who had a 
sudden exodus fiom rupture of the aorta durmg the cailj pait of 
pl■egnanc^ (3) Tliesasenlar ihnoimalitj mas bt the seat of super 
imposed infection cspeeialh with organisms of the sfrcp/ococcus 
tindans t\pe (4) The blood pressure m the upper part of the 
bods maj become cle\ated and ^vlth this maj follow all of tlic ill 
effects and hazards of the hj pertinsive state Alaiij of the fatalities 
in induiduals wath coarctation of the aorta are on the basis of 
cardiac failure or intracranial hemorrhage 

In general coarctation of the aorta produces little or no dis 
turbances in childhood and indeed it mai go unnoticed Freedom 
from complications in this age period cannot he regarded as an 
indication that the mdi\ idual wall subsequentlj continue through 
life and be unmolested hi the malformation which he possesses 
Indeed the interrogation of adult patients has usually impressed 
me with the fact that thij look back upon their childhood or ado 
lesoent jears as being free of mpfoms and as having no limitation 
m phjsical actuitj or athletic tndea\ors As one reaiews preaious 
studies such as that made bi Blackford” on 396 aiitopsied eases 
the serious nature of coarctation of the aorta is at once evident 
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^lore than 40 per cent of the mtlnjtluals died between the ages 
of sixteen and jtars This is in striking contrast to the low 

mortaUtj rate in this age period— tlic prime of lite— ioi the general 
popalation It ts true of course that pathologic studies might tend 
to oTcrcmphasize the penis of coarctation because indisiduals who 
base died from it tend to be reported whereas those who have 
died from other causes might not be desenbed in medical literature 
Willie it IS frech admitted that some people maj eair\ a coarcta 
tion into well advanced jears this docs not vitiate the fact that a 
high peiccntage of these patients arc being cut off in earlv adult 
life because of the abnormahtj oi one of its v irious complications 
Coarctatiou of the aorta can be iccognized with great ease The 
important point in its detection is the finding of an abnormal 
pressure ulatioiiship in the arms and legs Artciial pulsations in 
(he femoral vessels (and in other arteries below this level) aie 
greatly diminished oi ibscnt In normal subjects the sjstolie blood 
pressure of the legs should be twentv to fortj millimeters of mereiir} 
higher than it is in tht arms Whenever pressures of equal magni 
tud“ arc found m the arms and legs, one can suspect a mild aortie 
block When the i>icssnre in the legs is greatly below that in the 
arms one is certainlj dealing with a high degree of aortic ob 
strilction In manj ciscs of coirctatioii the pressure in the legs is 
greatly reduced and no sounds tan be hcaid when using the sphjg 
momanometer njpeittnsion maj or may not exist in the anus In 
children and in a few fortunate adults the pressure in the arms 
mav be within a normal range More commonlj particularly in 
adults there is a moderate or marl ed elevation of diastolie and 
partioularlj of systolic pressure m the uppei extiemities The 
heart may be somewhat enlarged If collateral arterial cliannels 
have become well established many of these mij be detected during 
careful physical examination Palpation over the antero-latcral 
portions of the chest below the breast area maj indicate pulsating 
intercostal ai tones Sometimes palpation m the axilh will show 
pulsation of vessels along the course of the long thoracic nerve 
Most freqiientlj pulsations can be felt and sometimes seen just 
’odiWft -axii oi aWbAX xaa.’fjdA 

greallj enlarged aiteiies within the substance of the trapezius or 
the latissimub dorsi muscles The arteries at the base of tlie neck 
may have a heaving pulsation Alurmiirs are somewhat variable 
most commonly there is a systolic murmur of moderate intensity 
heard best over the left upper portion of the precorduim but it is 
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fairlj well ti uismittcd to the back pnrtieuhrlj to the left of the 
spine If the aoitic blockade is complete tlicre ma\ be no murmvii 
at all Auscultation maj m cal sr<ftolte murmurs of other anomalies 
such as m intcnentneular septal defect oi there be a contmu 
ous murmur m the pulmonic region suggestive of a patent ductus 
irtenosus Fiirthcrmoie large and tortuous collateral irtciicscin 



r jj 26 KoentgeJiogTJm of a tl irtj j ear old luan with a pro\el coarctation 
of tfca aorta TJ e heart is raodcratelj* enlarged Tf e aortic knob is smaller t) an 
normal There is note! mg of the inferior bor lets of the rib'< some of wl ich are 
indicated bj arrows 

gi\e rise to systolic or c\en continuous murmurs particulirlj o\ei 
the scapular regions of the back 

Roentgenologic examination (Figure 26) ma> show some hjper 
tiophj of the heart particularh if there is associated hj^icrtension 
TJm? AiVvSih nhty be sm^iier tbss /jjvroiJ £^^r he 7 

lack of fullness in tlic aorti iii tint portion uhich represents the 
junction between the aoxtic aicli and the descending aorta Of 
diagnostic importance is the notching of the inferior borders of 
the nbs These occur in the posterior or postero-hteral paits of the 
libs and leprcscut ciosions of bone bi tortuous and pulsating 
subjacent intercostal arteries Tliej usuallj do not appear m the 
upper two or three ribs or in the lower few nbs It is exceedingl} 
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nit foi them to be found before sc\ni oi cigbt jearn ot but 
^»enlniLser®* 1 h*> described them in a babj nine months rid It is 
possible to -visualize tbt aortic arch and tlie aoita down to the point 
of obstruction bv the intr ivtnoiis injection of 70 per cent diodrast 
and taking a chest film at the a\ijiroprnte turn aftei the radio 
opiqiie material has circulated through the lungs and hent and 
has been dcincrcd into the first jiortion of the arterial svstem \Vc 
have cUarlj identified coarctation of the aorta bv this muns 
Individuils with coirctation jires^nt varnble complunts In 
babies there maj be no symptoms and the condition mav In de 
teeted oiilj bj loutine examination In some instances the murmm 
mij draw the phjsician s ittentvon to the existing defect In the 
cliildhood jcirs there mav be epistaxis or mild headaches In the 
teen ages heidaclic's maj become more prominent, and the subject 
mi\ be conscious of ii lieart beat which is luidulj forceful One 
man of tvvcntj soluntecred the information that his feet and lower 
legs were frequentlj cold but that simultaneouslj his head and 
shoulders would be bot and flushed He likewise noted that moder 
itc exercise such as running upstairs would pioducc weakness in 
Ills legs but that there was concurrent pounding in his head and 
this was fieepicnth followed bv an cpisfaxis As a rule these indi 
viduals are verv well developed in their phjsical stature indeed 
manv of them appear to be above average in develoiiment par 
tieuHilj m the upper part of thebodj Patients bejond twentj or 
twentj five jcsis of age eommonlv notice a diminished tolerance 
for exercise Isot infrequentlv patients in the late twenties and 
btjoml have svmptoras of frank cardiac failure Pun in the back 
should mal c one stronglj suspect the piesence of an anciirvsm or 
at least of dilatition ot one of the aortic segments and possiblj 
impending niptuie Pregnanev mav be tolerated faiih well jet 
the gravnd state and the mere iscd demands imposed bj the placentnl 
eireiilatioii up])car to be a gi-est hazaid for the individual with an 
obsimelion in the mam arterial psthwav Mentioned ibovc w one 
woman of twciifj three who died of aortic ruptuie during earlj 
pregnancj I have had occasion to examine a second woman who 
nejof ilmuggh an initial .pregnanc,v fairly well but during a second 
one ot the age of Iweiitj four, slic develoiied left sided cardiac 
failure, from which she presumablj will not recover 

An intensive studv of the problem leaves little doubt of the 
hazards which must be faced by an individual with coarctation of 
the aorti It IS evident that this is a cardio v -iseular abnormality 
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of a seiioiis sort •nluch should excite attempts to bring relief bj 
siiigical means Foui general opeiatuc approaches seem possible 
(1) For those indniduals with h> pertension, an extensive sym 
pathectomj of the SmithxMck tjpe is said to dimmish the pres 
sure, but we are set not eoitain how long these benefieial effects 
will last (2) The aortic obstruction could be by passed bj sc\er- 
ing the left subclaiian arterj at the base of the neck, and tinning 
its proximal end dominard and anastomosing it to the aorta below 
the obstruction This general principle has been suggested bj Bla- 
lock and Park and its feasibility has been demonstrated bj woik 
upon dogs Tlie efiiciencj of such a procedure in man is somewhat 
doubttul hcciiise the anastomatic channel thus established would 
probablj be of msnfficient size Furthermore, the disruption of the 
siibcla\iaii artery would cut off manj important collateral ehan 
nels which inianabh come from this icssel and its branches (3) 
The obstruction might be removed fiom the aorta and a segment 
of xem or aorta from another subject implanted therein bj direct 
suture or by use of the Bhkemore"* technique (4) Tlie constricted 
part of the aorta might be removed and the aortic contmiiUj rc 
established bj anastomsis of the free ends of the ^essel It is along 
this line of attack that all of mj efforts lia^c been directed The 
feasibility of such a pioccdure was demonstrated bj the animal 
evpeiimentation of Gross and Hufnagel ** It w-as performed bi 
Crafooid*® and has been further established bj our experiences in 
se\eii cases as noted below 

KxPEmsinsTAL Obspiivations 

Prom the laboratorj we wanted to gather information regard- 
ing two general questions First, could the upper part of the de 
seending aorta be cut m half and its ends rc anastomosed w ith any 
leasonablo degree of seeiiritj ? Second could a portion of aorta one 
or two centimeters in length, be icmoved from the upper end of the 
descending' anrta, and was iberc ^uJKeient eJastiriky in the remain 
mg parts of the \essel to allow the ends to come together for estab 
ishment of a direct anastomosis? These experiments were begun 
m 1938 and met w ith numerous ad\ersities Beenuse of other duties 
thej were suspended during the wnr I was later joined bj Dr 
Charles Hufnagel, who was excetdingh helpful m the work, and 
foi whose assistance I am xerj grateful A number of animals, 
which had been sacrificed for other reasons, were used to practice 
steps and to famihatize onrseUcs with the technical problems which 
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surgical tblatment for abnormalities 



*Otv auwpsy, no adeijnato cause ior OeatR could bo found in the«io animals It is possible 
ring the period of aortic occlusion contributed to Ihcse fatalities 
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might be cneounteied m the li\mg dog In \cij young m small 
animals, the aorta nas so thm that it did not appear to ha\e 
sufficient substance or toughness to permit manipulating it ivith 
anj degree of safety In larger animals, bejond 25 or 30 pounds 


in wight, the aorta was 
usually thick enough to be 
handled with case Various 
tjpes of anastomoses nere 
tried, most of them need 
not be considered here he 
cause the> nere thought to 
he unreliable A tj pe of 
union which seemed to be 
far superior to all others is 
that which is indicated m 
Figure 27 The stitches arc 
placed m such a way that 
the thread passes througli 
entire thickness of aortic 
wall It IS a continuous mat 
tress suture which turns tlie 
ends of the aorta outward 
and brings mtima to in 
tuna 

Aluoh to our surpnse and 
delight, it was found that a 
short segment of aorta could 
be remored and that an 



aortic reconstruction could Fjg 27 (\) Espenmental prO(.e«l«res 
still be performed AVlien a employed for practicing operation on llie 
. ,, , ,, upper tlioracic aorta of dog<t J&oif — 

segment was thus excised the througH a left posterolateral 

cndi» of the aorta retracted iiK-ision- Refou — CLest opened, witli 
from one another m a mast pleural approach to the aorta 

1 . Clsinpf ksre bees applied to the 

distressing was However, aorta has been dinded. 

the remaining vessel was 

clastic enough so that approximation of the holding clamps would 
bring the resscl ends together and permit a direct sutnre without 
tension while the anastomosis was being done 


After practicing these steps on dog cadavers, living animals 
were emplojed and our convictions were confirmed that the aorta 
could be divided, that a short segment of it could be removed, and 
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that the eontmmfj of the vessel could bo reestablished (Figure 
27) Some data from seventeen animals are included in tl t lecom 
pnnjing table 



F JT 2 (D) M tl 0 I of reeonstru tion of Rorta Tie elm (s arc held by first 

stmt so tl at tl e aort c ends are brooglit toget er an t tl ere s no tens on 
on the suture 1 ne dur ng eslabl shmenC of the aiia«tomos s (!) Vorta rotate I 
for earl ani suture 1 egun on tie back wall (2) Suture coat nuel tael 
at tcl p'lsscs tl rouch the entire th ckness of the aort c ^nll as a coat nuous 
tnattress evert ng st tcl (^) Back wall of aorta suture I an 1 tie aorta 1 as no 
) pen unt i«tcl info tts normal al gnment Stitch is be ng coat nueJ outer orlv 
(4) ‘luture comjl tel F ds of tie aorta are everte 1 fS) Cross sect onai 
\)ev of metlol of bring ng int n a to int ma an 1 turning tie ends of tic 
aorta outwarl 

Some remarks might be made which are pertinent to our 1 ibora 
torj studie-v Of prime importnnce in reconstructing an aortic tube 
&o that there would be no subsequent hemorrhat,t was the meticulous 
apposition of tliL vessel ends in such a wij that even stitch was 
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placed itli e\treme care, and that each mdi\ idual stitch was drawn 
np with just the right tension If the anastomosis was properlj 
performed, there was little or no leakage from the suture line uhen 
the clamps were remo\ed and there was \erj little danger of 
hemorrhage subsequent to the operation Furthermore, it ivas evi 
dent that the local use of hemostatic agents or packs around the 
suture line uas a serv poor and iiniehablc substitute for an accur 



Fig 28 Instrument iinprOM«eit for 
rtamping the aorta The jaws are stout 
enough to give complete hemostasis 
and jet they have sufficient resilience 
so that they do not crush the nortni 
wall The instrument is used without 
rubbers 



ate anastomosis Three dogs died Specimen from aortic arch 

j, , , .,1 Hid thoracic aorta of a dog which 

Of hemorrhage, one on the daj j,^crificed three month* after ey 

of operation, one on the follow cinon of 1 3 cm of the aorta and 

mg daA and the last on the enl to en 1 suture of the yesiel Arrows 
, 1 -r. ‘ihow the operative site The healing 

fourth postojieratn e dav It as excellent 

our impression that such bleed 

mg was duo to f lulU techniques and that nith mcreasing cxptu 
cnee this complication could be largeh asoided 

In none of these dogs was heparin or dicumarol tmplosed fol 


lowing operation In three animals there was some clot rnthin the 
htflten at the site of the anastomosis Jtt three ethers there were 
one or more pin head sized thrombi on the suture line In general 
it was felt that clotting at the site of anastomosis was not an im 
portant obstacle to the performance of these anastomoses 

The total obstruction of the aorta, as was necessitated by the 
applicition of clamps, naturall> raised certain questions concern 
mg the abilitj of the heart to w ithstand such a measure In general, 
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clamping of tlic aorta below the left subclanan arterj had little 
effect upon the cardiac mechanism In some animals the heart 
wonld speed up slightly or would dilate to a minor degree but m 
no instance did the heart stop or give eiidence of any important 
cmbaiTassmcnt After perform in cl of an -inastomosis removal of 
the clamps was apt to produce serious changes in the cardiac rate 
or setivitj and m one animal there was immediate cardiac failuic 
However when the clamps were removed slowlj from the aorta 
circulatory adjustments could be made in a more gradnal manner 
and were completcH satisfactoo 

Double clamjis were pheed upon the aorta above and below the 
region which was to be transected or esciscd, tiicse instruments 
liaving the two fold function of affoiding hemostasis and also of 
providing handles bj which the ends of the aorta could be pushed 
toward one another while the steps of suture were being performed 
A number of standard instiumciits were tested to study the it 
quirements imposed by this oper ition \nv nibbei covered instrii 
ment was vvhollj unsuitable bocaust of the possibihtv of slij psgt 
on the sortie wall Kelly clamps full length clamps Koeher damps 
et cetera had too much of a crushing eftetl upon the vessel wall 
and appeared to be dangerous Furthermore they often grasped 
the side of the vessel which was toward the base of the jnvvs but 
simuUancouslj might not grasp adequately the opposite side of 
the wall which was toward tlic tip of the clamp Bethiine tourni 
quets were fairlv useful but thev wTinhlcd the stump of aortic 
vvall so that it was often difficult to sew the ends of the vessel 
Finally two instruments (Figure 28) were revamped from Moyiii 
han enterostomv damps and these gave great satisfaction The 
ends were sawed off and the ends fitted with an interlocking peg 
so that the jaws would not wiggle sidcw ays when dosed The longi 
tudinal slit m the jaws insured against any side-shpping of the 
damps on the grasped aorta Cross markings were filed on the jaws 
to preclude end slipping The jaws were just springy enough so 
that they would clutch an aorta without crushing it Post mortem 
studies have not shown any important damage to the aortic mtima 
or to the outer wall at the sites where these damps had been used 
A serious complication of these operations appeared in the form 
of bmd leg paralvsis m some dogs Spinal cord examinations showed 
diffuse degenerative changes which had apparently resuhed from 
local ischemia We were reasonably certain that such ischemia was 
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not present folloning operation, because tiiese animals bad good 
femoral pulsations during the postoperatn e period, and there was 
an adequate lumen to the aortas when examined post mortem 
Hence, we could not escape the conclusion tiiat the spinal cord 
damage occurred ulnle the aorta uas tempoiarilj obstructed by 
clamps during the operation To stiuh further the effects of 
teniporarj obstruction of the aorta, especiallj in relation to spinal 
cord degeneiation and hind leg paialjsis, twenty additional dogs 
were operated upon bj opening the chest, placing a clamp on the 
upper thoracic aorta foi a given period, and then releasing the 
clamp The dogs uere kept and obser\cd for periods \arjing fiom 
one ivcek to two months following operation These animals, com* 
bmed ivith the seventeen ^^lllch had been operated upon primanh 
foi se\erance and suture of the aorta, pro\idcd a,^ group of thirtj 
se^en m which the aorta had been obstructed for periods larjing 
from four minutes up to one houi each Some dogs with occlnsion 
of the aoita foi fortj fi\e mmutes or fiftv minutes developed no 
hind leg paralysis, whereas others with shoiter obstiuetion showed 
definite neurological damage In no instance did a paralj'sis de 
\elop when the aorta had been obstructed for less than ten minutes 
Colson/® Carrel, ® and Blalock and Park^® ha\e pieviously com 
mented upon the correlation of temporary aortic obstruction and 
hind leg paraljsis Their remaiks, and our personal observations, 
at first made us fear that neurological clianges in tlic spinal coid 
would prohibit any operations on the aorta of man — procedures 
which could not possibly be completed in less than fen mmutes 
Howeier, it is highly important to point out that when aortic opera- 
tions are performed in human subjects, there is extremely bttle 
Itkeliliood of neurologic complications from temporary aortic oh 
struction, because adequate collateial channels have been estab 
lished prior to operation 

Ol’ERVTIONS IN JIAN 

To date, I ha%e operated upon seven humans for coaietation of 
the aorta Some notes on these expenences, particularly the tech- 
nical aspects of operation, have been recorded elsewhere*® ** In 
all of these cases exposure lias been through the back (Figure 30), 
using a long, curvilinear incision running from the le\el of the 
second thoracic xertebra doxvnward and outward along the medial 
border of the scapula toward tlie posfczior axillan line Traiersmg 
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the r,'rtat muselts i? a{ t to be verj slo\\ and tedious because %vithm 
the substance of the Inpezius the latissimus dorsi and the rhom 
bold muscles there are large collateral arterial channels which make 
the field exceedinglj \ascular and which require a great deal of 
clamping and ligation I \entuaU5" the scapula can be freed from 
the chest \\ all and pnlkd 
upward and outward to 
expose the costal cage 
The posterior half of the 
fifth nb IS removed sub 
periosteallj Short seg 
ments can also be taken 
from the angles of the 
fourth sixth and sev 
enth ribs The operator 
IS ever conscious of ooze 
from the intercostal 
muscles or from various 
other structures which 
indicate the vaseularit> 
of the chest nail The 
chest is entered through 
out the bed of the fifth 
nb and the wound is 
then extended upward 
and domlv^a^d near the 
vertebral column bj cut 
ting through the adja 
cent intercostal muscle 
bundles Mith suitable self retaining retractors a fairly good ex 
posurc can be obtained The desired portion of the aorta is now 
brought into view bj splitting open its encasing parietal pleura 
In the fifth case of this senes the coarctation was just opposite the 
origin of the left subclansn arterj but in all other instances the 
constricted zone was one or tw 0 centimeters below this tosscI' and 
immediateh opposite the hgamentum artenosum (or a patent 
ductus arteriosus m one case) The external constriction of the 
vessel may be quite apparent and deep In three instances the outer 
surface was onlj slightlj indented but palpation of the vessel 
wall m this region revealed an excessive thickening so that the 
lumen of the aorta was obviouslv no more than two or three milli 



Fig- 30 (A) Sketch made at operat on on a 
patient with coarctation of the aorta Left 
poster© lateral approach througli the pleural 
cav ty Coarctation at C L \ I gamenf nm 
BitenosniTL L8A left anVicla-v an ortery The 
intercostal lessela are greatlv enlarged Tie 
aorta above tl e constr Ction had a hear og 
pulsation whereas the \ easel below tl is s te d d 
not hare an intr ns c pulsation. 
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meters in diameter The aorta abo\e the constiietion and the 
great vessels winch arise from the arch sliow a hea\j inilsatioii 
which IS more marked than nor- 
mal The aorta below the constric- 
tion his little or no intnnstc piil 
sation The intercostal arteries are 
extremelj large, and mav be fi\c 
to seven millimeters in diameter 
Thev arc usuallj' tortuous in 
manj places and are apt to liave 
thin walls 



In order to free up a segment 
of aorta fi\e to six centimeters in 
length it lA necessir> to doubly 
hgatc and du ide at least two sets 
of intercostal arteries below the 
constriction, to dnide bronchnl 




arteries when thej exist, and to 
dmdc the ligamentum artonosum 
(or the ductus arteriosus) This 


dissection must be extremely slow 
and careful for feai of mjuring 
one of the \cssels and setting up 
uncontrollable bleeding Care 
should be exercised about putting 
undue strain on an intei costal 


C 



arterv at its junction with the 
aorta since this is a point of con 
siderable anatomical weakness 
When a poition of the aorta has 
been dissected from its bed a 
linen tape can be passed around 
It to facilitate the subsequent 
handling of it, and to raise it up 
for further severance of anj ad 
liosions or small lesscls which 


Fig 30 (B) A Segment of aorta 

5 to 0 cm in Icngtli raised from its 
bed Intercostal arteries JA, have 
been doubly ligated and divided 
Bronclual arterj, BA, baa been 
doublj ligated and ••eiered The 
ligamentum artenosum, LA, has 
been cat B Cl imps applied to 
aorta and narroned segment bis 
been excised C Reconstruction of 
the aorta by end to-end anastomo 
si«, by technique shoivix in Fig 27 


might lie on its under surface Dissection posterior to the aorta 
must be carried ten close to the tcs*sel, to lcive (he thoracic duct 


undistuibed The vagus and recurrent larjuigeil nerves cm be dis 
placed forward so that thev arc out of harm's waj 

From here on, the steps in treatment of coarctation of the aorta 
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ire preeisclj the same as those which were practiced on dogs for 
excision of a se„'meiit of the \cssel and re anastomosis of its re 
maining ends "W ifh tlie clamps in place a segment one to one and 




Fig 31 Tno specimens removed from 
patients frith coarctation of the aorta 
fn each speem en tl e lumen was onlj 
2 J ran 111 d ameter 



Fig 32 Post operative pi otograph 
st o« mg j sition of w oiin 1 on baclc 
following surgical treatment of to 
arctation of aorta 


a half centimeters in length is cut awav It is highlj important 
to have a first assistant who has practiced the neccssaij steps so 
that he can manipulate the aortic clamps, and bring the ends of 
the aorta together so that they can be sutured without llie slightest 
tension 

In the first patient who was operated upon a boj of six years 
a \ery satisfactory anastomosis was established but on remosal of 
the clamps the chdd proraptlj died I assume that this was a form 
of shock brought about bj the sudden release of blood intb the 
lower part of the bodj, where it pooled and could not return with 
sufficient Tapidit> to suppl) the heart avith a circulating medium 
In the SIX subsequent operations three precautions were tal cn to 
avoid such a catastrophe (1) The last clamp was icmoved fioni 
the aorta xerj slowly (over a period of five to ten minutes) (2) 
The patient was tipped into a moderate Trendelenburg position 
(3) Several hundred cubic centimeters of blood were infused into 
an ankle vein By these measmes the heart was saipjdied with an 
adequate imount of blood and the readjustments in the eiieulation 
w ere made without anxiety 

The first five patients were individuals from six to sixteen jcais 
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of age and in c^eh instance the operatise procedure though long 
and difficult was coined out satisfactonh and with a feeling that 
an aortic tube had been reconstructed that uas strong whidi uas 
idequate m si/e and winch liad even promise of functioning in 
a noimal was In the sixth patient a man of thirts who sreighed 
nearly 200 pounds the exposure through the back \\ as not all that 
could be desired and the anistomosis had to be pei'foimcd deep 
111 a hole nhere it uus exceedingls difficult to place the stitches ae 
curatels Furthermore the lower aortic segment was extremelj 
thin and about three times the diametei of the upper portion of 
the aorta Openings of a similar size could be fashioned in the tsvo 
segments but sshilc performing the anastomosis it ssas obvious that 
the losscr vessel was thm and friable and that the stitches would 
cut thiough It frequently and had little holding posser I Lad no 
feeling of security when the anastomosis ssas finally completed The 
patient was in a satisfactory condition for twenty four hours aftci 
opor ition but he then snddenls expii ed jiresumahlv from hemor 
rliage at the suture line ?>o antopss was performed 

The seventli ease a male of twenty years weighing 190 pounds 
who had an exceedingly muscular development again presented 
difficulties at the operating table which were almost insurmonnt 
able The exposure through the chest ssall si as again somewhat 
bimled Most disturbing ssas the fact that good mobility could be 
obtained for the lower thoracic segment but the upper portion — 
the aortic arch — was completely unsicldmg and could not he laiscd 
from its bed as it bad been m all of the previous patients I assume 
that the fixation of the arch was related to the long standinf’” high 
degree of hs'pertension The limited mobihts of the upper segment 
presented turning it adequatelv to bring it into optimum position 
for performance of an aiiastouiosis The line of suture was quite 
unsatisfactory and it was iieccssarv to re enforce it with a jiiimber 
of extra stitches grasping the adventitia and media in a ssas which 
unfortun itcly msertesl and const! ictcd the vessel at the site of the 
inastomosis This produced a lumen which ssas but eight or nine 
millimeters in diameter and ssinch was subscquentls found to he 
insufficient for relieving the hspertension 

The disappointments in these last two cases make me feel that 
these opentioiis for coaretition of the aorta should prolnhly be 
employed onls for younger indmduals — possibls up to sixteen 
years of age ITowever it is possible tlint an adult who has a tliin 
chest and poorls developed musculature will present mote favor 
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ililc ciictimst mces for operation than was the cast in nn last two 
patients In joung subjects tlie procedure can pioinblv be tom 
pletcd with a nsL winch is not too Ingh but in oldti indmdiials 
the surgical iisks arc pioinblj uiormous ind should not bo und-r 



iig ”*3 Stool pressure el art from patient 2 SoliJ line iidiites pressures 
in arms Dittel line pressures in le{^ Prior to operation no pulsations couU 
he felt III tie legs During tie ten ds« following operation there has been 
a tecline iit tl e arn pressures 

taken until wc hate li id furthei tlniict to gun mote operatne 
experience in flie tii itnunt of tin'. condEtiou 

rOMMV MS T l os Si l ( K M 1 1 Ti 1 \n I* rw s 
Oiir scries ukIikIcs seten patients opeiatcd tipoU for coarctation 
of the aorta The ages of tiuse weie respcetuelj six twelve ten 
sixteen, eleven tlnrtv and twentv years The histones of *hese 
patients included a widt vanttv ol svniptoms ilost of them had 
cpistaxis it one time or anotliei Alost of them had headaches 
though this was not an outstanding sjmptom Several had palpita 
tion Three complained of coldness of the logs Three noticed some 
weal ness of the legs after moderite txcrcisc One child was quite 
imtahk and difficult to contixil The sixth ]iatienf complained 
pnmaulj of pam in the back of seven! montlis diiiation The 
seventh indntdual had noticcvl a marked diminution of tolerance 
to exercise There was no question about the diagnosis m anv of 
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tlie&e patients since there was a marked dispantj in pressures of 
the arms and legs as indicated m the necomp lining t iblc 


TiBLE rr fro If PATirsTs Oi oaTcn os ixir CosrcrxTios 


Cose 

Age 

Sex 

Representative Pre- 
Operativc Systolic 
Procure in Arms 

Prc-Opcrativc Sjstolic 
Pressure m Legs 

1 

G 

U 1 

170 mm of Hg 

Unobtainable 

2 

12 

F ! 

215 mm of Hg 

Unobtainable 

3 

10 

M 1 

155 mm of Hg 

Unobtainable 

•I 

10 

M 

175 mm of Hg 

Unobtainable 

5 

11 

r ■ 

155 mm of Hg 

Unobtainable 

G 

30 

M 1 

220 mm of Hg 1 

? no 

7 

20 

M 

215 mm of Hg 

Unobtainable 


In the first of these pitients there was a fatnhtj on the operat 
ing table, after a xen satisfactors aortic anastomosis had bteu 
obtained The clamps were remoxed too cjmckly from the aorta 



Pig 34 Blood procure ctmrt from patient 3 Solid line preesnre in arms, 
dotted line, pressure in legs 

This error lias been corrected m all subsefiiient eases and this should 
not pro\e to be am source of trouble m future operations The 
sixth and seventh patients were both vei \ largo men, who presented 
formidable obstacles from the point of view of gaining adequate 
exposure, a problem which is not insuperable In addition, both of 
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tliem linil sttmc ppitilnuti in the aorta one \utli i tkuininff 

anil ilildtntion of tin lower aortic segment and the uthii with a 
stiikiti" fixation of the aortic arch — which are pioliabh situations 
which cannot he ovcreonic In ineioascd optiatne ixpcnnue Just 



Tif; To Blooil prt^sure cliart from j dient 4 S<lii hne, prc<iaiir(* in arms 
Potted line, frP8«ure m legs Concurrent with llie j oat operative a[rw'ir'in e 
cf {uNitiina ant demonstrable pressures in tlie legs, there lias been a post 
operative fall la the j ressures m tie arms 


how ficquentlj these distnibing factors will he found in adult 
pitients, wo Tit, as yet unable to saj While thej hi\e quelled 
nij enthnsnsm for liirthii attempts at this operation in adults, it 
should be pointed out that Crafooid has operated upon one man 
of twenty seven with \er> sntisfdCtorj results Ilovvever, mj dis 
appointin'' experiences sene to support a personal opinion that 
operations of this sort will pnmarilj be of benefit to individuals 
who arc joung, whose symptoms are still mild, and who have not 
>et devclopid serious eomphcations 

In patient 7, there has been onl> a verj slight fall in the blood 
pressure following oiicration, a fact which is obviously related 
to the establishment of too sm ill a lumen at the site of the 
anastomosis In patients 2, 3, 4, and 5, there have been striking 
changes in the blood pretoures as indicated in Figmes 33, 34, 35, 
and 36 In none of these four patients was anv pulsation felt in 
the femoral aitenes, dorsslis pedis arteries, or the jioplifcal arteries 
before ojicrdtion, nor could anj sounds be heard when tlie sphjg 
mominometer was attached to the leg Following operation all 
font of these individinls have a verj sitisfactoiy pulsation in the 
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femoral arteries and other \cssels of the legs They all ha^e readily 
demonstrable blood pressure readings as sborni by the dotted lines 
on the charts Of some mteiost is the fact that the blood pressure 
m the arms did not fall prceepitouslj at operation or in a few houi-s 



Ftg 16 Bloiil prc«surc cl nrt finm pitient 5 Solil line s\‘<toljc pressures in 
«rms line eistoJic pressures m legs Prior to operation no soun Is eoul J 

I e 1 eir 1 in tl e legs u itli tlie spl > gnioninnutneter T1 e reiluetioii m pressurt s 
in Ifie irnis oicurrol gridualh over n perioil of about two weelks 

thereafter The diminution in arterial picssure of the arms tooh 
phee ovei a period of ten to twthe dajs lienee it Mas assumed 
tint the laseular bed in the loner part of the bod^ «as small be 
c'lnse it had not been subjected to normal pressures prior to opera 
tion It IS also possible tint the peripheral bod had an increased 
\ascuhr tone, dependent upon an o^or aetiMt\ of the simpathetic 
ipparatus I do not hnmi nhich of the tno explamtions is tlie 
proper one but suffice it to sai that apparontlj a period of time 
IS retpiiied to dilate the ^aseula^ bed and that simultaneous Mith 
tins change, the pressure in the upper extremities Mill fall 

The extent of our observations js limited j et the findings clearly 
indicate that increased pressures m the upper part of the body 
can be greallj reduced b^ a surgical procedure ubich removes tbc 
obstructed segment of aorta I Mould like to add that these opera 
tions sliould not be undertaken lighth, and should be contemplated 
onlj bj those who have had considerable experience in thoracic 
surgerv, mIio are mcU acquainted Mith the techniques of blood 
vessel suture, and Mho are Milling to practice the neecssarj steps 
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m tilt c\pprimcntal liboratorj TJiesc operations ue lengthj and 
are exlnastirifr for the surgeon atid his team \ct the'v arc exceed 
ingli grntifjnng because the^ bring a bright raj ot hope to joung 
individuals who have a serious vascular disorder whith has hereto 
fore earned a ritlur grave prognosis 
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